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Corn responses to nitrogen forms, ammonium/nitrate ratios and potassium in Iowa and 
Kenya 
Nesbert Mangale 
Major Professors: S. J. Henning and I. C. Anderson 
Iowa State University 
Nitrogen in soils occurs in both the organic and inorganic forms; but a crop 
absorbs and utilizes mainly the inorganic forms. Of these inorganic N forms only 
the nitrate (NO3) and ammonium (NH4) forms are absorbed. In humid and sub-humid 
regions, NO3- N is lost from crop rooting zones by leaching and/or denitrification. 
Preserving fertilizer N in the NH4 form may significantly decrease leaching and 
denitrification losses of applied N because NH4-N is not easily leached and is not 
denitrified. However,ammonium nutrition may be harmful to a crop, especially when high 
amounts are used. There are, however, some indications that potassium (K) addition may 
prevent the injurious effect of NH4 nutrition. There are also indications that utilization of 
mixtures of NH4 and NO3 forms of N compared to either form alone, results in an 
improvement in plant growth and higher yields. 
This study, therefore, was undertaken to determine whether NH4-N supplied 
at a rate that is within economic reach of farmers is toxic or not and if it is, whether 
or not potassium addition could reduce the injurious effect of NH4-N. Also evaluated 
were the effects of mixtures of NH4-N and NO3-N and various levels of NH4-N with or 
without K addition on the yield and element composition of field grown com. 
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The study was in three parts. The first part evaluated the effect of the 
two forms of N (NH4 and NO3) with or without K addition on com yield. In the 
second part, the effects of mixtures of NH4 and NO3 N in various NH4:N03 
combination ratios with or without K addition on com yield were evaluated. The N rate 
used was 100 kg ha " and the K rate was 50 kg ha"'. In the third part, the effect of 
various levels of NH4-N with or without K addition on com yield was investigated. Rates 
used ranged from 0 to 150 kg ha"' for N and 0 to 50 kg ha"' for K for all soils except the 
Clarion series which received higher rates that ranged from 0 to 336 kg ha"' for both N 
and K. Experiments were conducted on; Typic Hapludolls (Clarion and Marshall series), 
Oxic Paleustalfs and Typic Paleudults soils. 
Com yield was not negatively affected by NH4-N or NO3-N. In both Iowa 
and Kenya com grown with NH4- N produced higher grain yield than that grown with 
NO3 -N. Potassium addition appeared not to be needed. 
There was no specific NH4:N03 combination ratio that was applicable to all the 
four soils used for high corn yield. Each soil type required a different NH4:N03 
ratio for higher com yield. 
Com yields increased with increasing levels of NH4-N and a yield plateau was 
observed about 100 kg N ha"'. Potassium addition did not change the com yield plateau. 
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INTRODUCTION 
Com or Maize (Zee mays L) is the leading commercial crop in the state of Iowa. 
In Kenya it is the leading food crop in the country. There are many factors that limit com 
production, including the nutrient status of soils. The most limiting nutrient element in the 
production of both commercial and food crops in the humid and sub-humid temperate and 
tropical regions of the world is nitrogen (N). Hence the need to add it in the fertilizer. 
Nitrogen fertilizer is produced primarily as ammonia (NH3) and is applied to agricultural 
soils as such or is further processed into a variety of liquid or solid N fertilizers. The most 
common solid N fertilizers are: urea (CO(NH2)2), ammonium nitrate (NH4NO3) and 
ammonium sulphate ((NH4)2S04). Urea is the most popular solid N fertilizer in the world. 
Nitrogen in soils occurs in both the organic and inorganic forms, but it is mainly 
the inorganic forms that a crop absorbs and utilizes. Of these inorganic forms, only the 
nitrate (NO3) and ammonium (NH4) are absorbed and used by crops. 
Crops vary greatly in their ability to absorb and utilize NH4 and NO3 as sources of 
N. Com can absorb N in both the NH4 and NO3 forms, but the NO3 is considered to be 
the primary form of N available for crop growth under field conditions. This is because in 
warm, well aerated soils, NH4-N is readily converted to NO3-N by microorganisms 
(Nitrosomonas and Nitrobacter) in a process known as nitrification (Alexander and Clark, 
1965). From an economic standpoint, nitrification is undesirable because NO3 can be lost 
from crop rooting zone by leaching and/or denitrification. Under certain production 
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conditions these losses can represent 50% or more of the applied N (Hageman, 1984). In 
addition to the economic implications of fertilizer N loss, NOj leached from the rooting 
zone can accumulate in groundwater and become an environmental problem. Another 
environmental concern is associated with the release of nitrous oxide (NjO) into the 
atmosphere by denitrification. Nitrous oxide is believed to damage the ozone layer when it 
enters the stratosphere; Council for Agricultural Science and Technology (1976). The two 
processes (leaching and denitrification) by which N is lost from the soil - crop system may 
be different but the environmental conditions that affect them are very much similar. Both 
processes occur extensively in wet soils. Therefore, leaching and denitrification are of 
importance in those areas where climatic and soil conditions will result in excess 
precipitation relative to evapotranspiration. Iowa and the Kenyan highlands are regions 
that have periods in any given year during which rainfall amounts exceed 
evapotranspiration. 
Denitrification is the biological reduction of NO3 or nitrite (NO2) to gaseous forms 
of N. The process is usually associated with poorly aerated or anaerobic soils. However, 
there is evidence that the process can also occur to a lesser extent in aerobic soils (Freney 
et al., 1978). Factors affecting the potential for N loss by leaching have been studied and 
described by several investigators (Kurtz, 1980 and Pratt, 1984). Like denitrification soil 
moisture relationships are primary factors determining the extent of N leaching. Since 
both denitrification and leaching losses are of major concern when N is present as NO3 and 
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when soils are excessively wet, N management programs should be designed to minimize 
the amount of NO3-N present during those periods of the year when the probability of 
excess soil water is high. Factors to consider include: source of N, soil temperature and 
moisture, and the period during which a particular crop needs N most. Maintaining N in 
the ammoniacal form can minimize losses resulting from leaching and denitrification. 
Generally soil particles are negatively charged and thus NH4 ions, which are positively 
charged, will be held and not leached through the soil beyond crop roots and into the 
groundwater. Also NH4-N is not converted to gaseous forms by the process of 
denitrification. In recent years, chemical compounds have been identified that will reduce 
the rate of conversion of NH4 to NO3 in soils. These compounds are called nitrification 
inhibitors. They inhibit the activities of Nitrosomonas bacteria. These bacteria are 
responsible for the conversion of NH4 to NOj. Inhibition of their activities will, therefore, 
result in the maintenance of a greater proportion of the applied N as NH4 for a longer 
period of time. As a result, when nitrification inhibitors are properly used, they should 
reduce the potential for N loss from leaching and/or denitrification. Some research 
findings have shown that the use of these inhibitors can reduce losses of fertilizer N, 
especially under soil and environmental conditions that favor N loss (Hanson et al., 1986; 
Owens, 1987; Touchton et al., 1979). High concentration of NH4 ions or NH3 gas in soils 
known to be toxic to plants (Goyal and Huffaker, 1984). Ajay et al, (1970) observed 
lesions on NH4-fed tomatoes. They concluded that the lesions were caused by NH3 toxicity 
4 
in the plants. Dibb and Welch (1976) also observed lesions on com plants that had been 
supplied with NH4 as the only source of N. Blackmer and Sanchez, (1988) pointed out that 
toxic effects of NH4 may occur by supplying NH4 as the principal source of N together 
with nitrapyrin (a nitrification inhibitor) under field conditions. 
An adequate supply of potassium (K) to crop roots has been shown to counteract the 
toxic effect of NH4-N nutrition (Ajay et al., 1970; Dibb and Welch, 1976; Dibb and 
Thompson, 1985). Potassium enhances the activity of plant enzymes functioning in NH4 
assimilation and thus prevents accumulation of toxic concentration of NH3 in crop tissues 
(Duke and Collins, 1985). These studies clearly indicate the importance of adequate K 
supply to crop roots for NH4-N use. 
The ultimate goal of a com grower is not only to minimize fertilizer N losses but 
also produce high yields and make a profit. While keeping fertilizer N in the ammoniacal 
form in soil has been shown to increase yields (Hoeft, 1984), higher yields can be 
obtained by supplying crops with a combination of NH4 and NO3. Mixtures of NH4 and 
NO3 salts support better plant growth and produce greater yields than when either NH4 or 
NO3 is used separately (Hageman, 1984). This has been shown for numerous crop species 
including com. In most of these studies, evaluation of treatment effects were made at early 
growth stages (Hageman, 1984). There are, however, some reports of investigations that 
evaluated the effect of these mixtures to grain yield stages. Higher corn grain yields were 
obtained by Below and Gentry (1987) for a mixture of NO3 and NH4 (50:50) compared to 
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NOj alone (100:0) in a field-gravel hydroponic system. Adriaanse and Human (1986, 
1988 a, b), in a greenhouse sand-hydroponic system showed that the optimum N03:NH4 
ratio was 3:1 at 100 mg N L"'. In a field experiment. Barber et al. (1992) were able to 
show the effectiveness of split application of NH4-N with a nitrification inhibitor in 
maintaining elevated soil NH4 concentrations from planting through early grain fill. All 
these findings clearly show that crops can be supplied with a mixture of NH4-N and NO3-N 
at any ratio both in the greenhouse and perhaps in the field. High levels of K in soils have 
been shown to suppress magnesium (Mg) plant uptake, sometimes to deficiency. The 
reduction of calcium (Ca) and Mg uptake by NH4-N nutrition is also well documented for 
plants grown in sand cultures, solution cultures or soils (Blair et al., 1970; Claassen and 
Wilcox, 1974; Wilcox et al., 1973). The objectives of this dissertation therefore are: (a) to 
determine whether NH4-N supplied at a rate that is within economic reach of farmers is 
toxic or not and if it is, whether or not potassium addition could reduce the injurious effect 
of NH4-N, (b) to evaluate the effect of various NH4:N03 application ratios with or without 
K addition on the yield and N, P, K, Ca and Mg composition of field grown com, 
® to study the effect of various NH4-N levels with or without K addition on the yield and 
N and K composition of field grown com. These three objectives will be explored in the 
three parts of this dissertation. The dissertation concludes with a general summary and 
conclusions. 
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LITERATURE REVIEW 
Nitrogen is one of the essential elements for plant growth and is required in 
relatively large quantities by crops. It is a constituent of all proteins and nucleic acids and 
hence of protoplasm. Nitrogen is also an integral part of chlorophyll, which is the primary 
absorber of light energy needed for photosynthesis. Non-fertilized soils rarely contain 
enough N for maximum crop growth, since most of the soil N is unavailable to plants. 
About 95 % of the total N in most surface soils is in organic forms which occur as 
consolidated amino acids or proteins, free amino acids, amino sugars and other unidentified 
compounds (Tisdale, et al., 1985). This large complex of organically combined N is not 
available for crop uptake and is only slowly made available through microbial 
decomposition. It has been estimated that only 1 to 4% of total organic N is likely to 
become available each year (Troeh and Thompson, 1993). 
Inorganic forms of N in the environment include; NH4, NO2, NO3, NjO, nitric 
oxide (NO) and molecular nitrogen (N2). Of all these, only NH4, NO2 and NO3 can be 
absorbed and utilize by crops. They arise either from the normal aerobic decomposition of 
soil organic matter or from the additions to soils of the various commercial fertilizers. 
Nitrite in soil is generally low compared to NO3 or NH4 because it is quickly oxidized to 
N03 under most soil conditions. Elemental N in the soil atmosphere can be acquired and 
used by legume crops. Unfortunately the com plant, like most other cereal crops, is not 
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capable of utilizing elemental N. Hence com absorbs N from soils as NH4 and NO3 which 
are the available forms of N. 
Nitrate is, however, the most abundant form of N in most soils because NH4 is 
rapidly converted to NO3 by Nitrosomonas and Nitrobacter bacteria in a process known as 
nitrification (Alexander and Clark, 1965; Hegman, 1984). Nitrate N supplied in 
commercial fertilizers or produced by nitrification of NH4 is, in most cases, lost from the 
soil-plant system through a number of processes. These include leaching, denitrification 
and immobilization. Of these processes, leaching and denitrification are usually considered 
of greatest importance (Bock, 1984). Nitrate is an anion and is largely unreactive with the 
negatively charged soil particles. Thus NO3 remains in soil solution and is highly mobile 
in the soil. It moves readily with the soil water and may be leached out of the rooting zone 
of the crop as water moves through soil (Peterson and Frye, 1989). Most leaching occurs 
during the time of the year when rainfall exceeds evapotranspiration in rain-fed agricultural 
areas, and during the early growing season in irrigated areas; but where large continuous 
pores are present in the soil, such as in sandy soils, appreciable leaching can occur from 
excessive rainfall or irrigation at any time of the year (Olson and Kurtz, 1982; Thomas et 
al., 1973; Tyler and Thomas, 1977). Fortunately there are N management practices that 
have been identified by research which can help control N leaching losses. These practices 
include: timing the application of N to coincide with the greatest N demand by the crop 
being grown and using nitrification inhibitors to keep the N fertilizer in the NH4 form for a 
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longer period. The uptake of fertilizer N by crops is generally low, with common values 
ranging from 25 to 60% of that applied (Allison, 1966; Kitur et al., 1984). Allison (1966) 
indicated that recovery of applied N under average field conditions is often not greater than 
50 to 60%, even if immobilization is taken into account. Most of the remaining applied N 
is lost by leaching and/or denitrification. This occurs when the soils drain well and there is 
enough quantity of percolating water. Such conditions are mostly found in humid and sub-
humid regions of the world. Generally fertilizer N is more efficient when the application 
is timed to coincide with the crop's demand for N. If N is applied far in advance of the 
rapid demand period, such as applying all of the N preplant or at-planting, more of it 
maybe lost by leaching or denitrification or immobilized by soil microbes. Timing the 
application of at least most of the N to coincide with the beginning of the high demand 
period minimizes the potential for leaching, denitrification and even immobilization and 
improves N uptake. This high demand period for corn is 4 to 6 weeks after planting 
(Peterson and Frye, 1989). 
Nitrification inhibitors are chemical compounds that help to stabilize fertilizer N by 
inhibiting the activity of nitrosomonas bacteria which are responsible for converting NH4 to 
NO2 in the first step of the nitrification process. The main purpose of inhibiting 
nitrification is to keep more N in the NH4 form for a longer period so that it is less 
susceptible to leaching and denitrification. The primary objectives are: to improve the use 
efficiency of N fertilizers and to decrease the potential for groundwater pollution by NO3. 
9 
Another purpose is to increase the proportion of NH4 to NO3 late in the growing season, 
which has been shown to be beneficial in the nutrition of certain crops including com 
(Adraanse and Human, 1986 1988 a, b; Barber et al., 1992; Below and Gentry, 1992; Pan 
etal., 1984). 
Numerous compounds have been shown to inhibit nitrification but nitrapyrin [2-
chloro-6-(Trichloromethyl) pyridine] developed by Dow Chemical USA and marketed 
under the trade name N-Serve Nitrogen Stabilizer is probably the most extensively 
researched nitrification inhibiting compound and has been shown to be effective (Barber et 
al., 1992; Hoeft, 1984; Keeney, 1978). Fertilizer N added to the soil as NO3 (or as NH4 
that is nitrified to NO3) is subject to denitrification under anaerobic conditions or 
conditions of limited oxidation in the soil. Any factors that contribute to low aeration or 
otherwise make the soil less oxidative may increase denitrification loss of N (Doran, 
1980a). Factors of prime importance are, among others: soil wetness, and easily oxidized 
organic matter (Doran, 1980b; Doran and Smith, 1987). Soil wetness and a large amount 
of easily oxidized organic matter are factors common in humid and sub-humid regions of 
the world. Soil wetness reduces aeration and organic matter reduces oxygen content in soil 
air as it gets oxidized; thus creating an environment that enhances denitrification. 
Conventional N fertilizers are applied to soils as NH3, NH4, NO3, urea or a combination of 
two or more of these forms. However, crops take up N from soils as NH4 and NO3 which 
are the available forms of N. These forms can be added to soils by using numerous N 
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containing compounds, and these include: anhydrous ammonia (NHj), urea, ammonium 
nitrate (NH4NO3), urea-ammonium nitrate (UAN), ammonium sulphate ((>^[4)2804) and 
many others. Of the many N containing organic compounds, it is only urea that has gained 
much favor (Peterson and Frye, 1989). 
The ultimate goals of the farmer are not only to minimize fertilizer N losses but 
also to improve applied fertilizer N uptake and increase the yields and quality of the crop 
being grown. While keeping fertilizer N in the ammoniacal form in soils may improve 
fertilizer N uptake and increase yields (Hoeft, 1984; Pan et al., 1984; Peterson and Frye, 
1989), greater yields can be obtained by supplying crops with a combination of NH4 and 
NO3 N. Mixtures of NH4 and NO3 salts have been shown to increase yields greater than 
when either NH4 or NO3 is used separately (Hageman, 1984). This has been shown for 
numerous crop species including com. In most of these studies evaluation of treatment 
effects were made in the greenhouse or solution cultures (Hageman, 1984). There are 
some studies that evaluated the effect of these mixtures to grain formation stages. Higher 
com grain yields were obtained by Below and Gentry (1987) for a mixture of NO3 and 
NH4 (50:50) compared to NO3 alone (100:0) in a field-gravel hydroponic system. 
Adriaanse and Human (1986, 1988a, b) in a greenhouse-sand hydroponic system showed 
that the optimum N03:NH4 ratio was 3:1 at 100 mg N L"'. This ratio of N03:NH4 (3:1) is 
not suitable in an N management program where the emphasis is to reduce leaching and 
denitrification. In a field experiment Barber et al. (1992) were able to show the 
effectiveness of split application of NH4-N with a nitrification inhibitor in maintaining 
elevated soil NH4 concentration from planting through early grain fill and the increase in 
biomass accumulation and N uptake. 
An important question is which application ratio is the best for increased com 
yields? It appears no one has found a single best ratio. 
An adequate supply of K to plant roots has many times been shown to counteract 
the toxic effect of NH4 nutrition. Potassium enhances the activity of plant enzymes 
functioning in ammonium assimilation and thus prevents accumulation of toxic 
concentration of NH3 in plant tissues (Duke and Collins, 1985). High concentration of K 
also favors the translocation of nitrogen compounds from the roots to the shoots (Blevins, 
1985). In other experiments, the rate of growth and yield of bananas were greater with 
continuous mixed NH4 and NO3 nutrition than with a no3 nutrition, both with an ample 
supply of K (Israel et al., 1985). A mixed NH4 and NO3 application at relatively high N 
and K rates enhanced N uptake and reduced N concentration in com plants (Hagin and 
Olsen, 1990). Potassium addition to soil increased the utilization of N supplied as a 
mixture of NH4 and NO3 (Shaviv and Hagin, 1988). Com plant yield was unaffected by 
rate of K when N was applied as NO3, but when it was absorbed as NH4 there was a 
significant increase in yield at the highest K rate (Dibb and Welch, 1976). Ajay et al. 
(1970) were able to eliminate lesions from NH4-fed tomato plants by supplying them with 
adequate K. 
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Unfortunately, the role that K plays in counteracting the toxic effect of NH4-N in 
crops and increase yields has not been evaluated in a field scale. 
MATERIALS AND METHODS 
Experimental Locations 
This study was carried out in two countries; these are: the state of Iowa in the USA 
and the Republic of Kenya in Eastern Africa (see Figure 1 for the Kenyan sites). In Iowa, 
experimental sites were established in Boone County at the Iowa State University Bruner 
Research Farm near Ames on a Clarion loam (fine loamy, mixed, mesic Typic Hapludolls) 
and at the Iowa State University Armstrong Research Farm in Pottawattamie County close 
to Atlantic on a Marshall silty clay loam (Fine Silty Mixed Mesic Typic Hapludolls) (Table 
1), In Kenya the study was also conducted on two sites namely: Muguga (1° 13' S 36° 38' 
E at elevation of 2170 m or 7000 ft), on a Humic Nitosol (FAO-UNESCO 1974) or 
Friable Clay Oxic Paleustalf (USDA Soil Taxonomy, 1975) and at Kerugoya on a farmer's 
field which had a soil that could be classified as a Humic Nitosol or very fine clayey Typic 
Paleudults (Table 1). 
Soils 
The Clarion series consists of well drained moderately permeable soils on uplands. 
The soils formed in loamy glacial till. Surface runoff is medium. The available water 
capacity is high. The surface layer is generally acid unless lime has been added. It has 3 
to 4 percent organic matter and has good tilth. The subsoil is very low in available 
phosphorus and potassium (Soil Survey of Boone County, Iowa). 
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Provincial and district boundaries of Kenya 
Sudan 
Ethiopia 
Uganda 
Somalia 
Kirinyaga 
Tanzania 
Indian Ocean 
Kiambu 
Figure 1: The districts in which the Kenyan trials were located 
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Table 1. Some physical and chemical properties of the soils prior to fertilizer 
application (surface soils 0-30 cm depth) 
Soil series or site 
Iowa Kenya 
Observation and method Clarion Marshall Mugugal Muguga2 Kerugoya 
Soil classification Typic 
hapludolls 
Typic 
hapludolls 
Oxic 
paleustalfs 
Oxic 
paleustalfs 
Typic 
paleudults 
PH 
HjO 
IN KCl 
6.0 5.3 6.0 
5.4 
5.6 
4.4 
5.3 
4.4 
Organic C 2.09 2.15 2.69 2.29 0.87 
Total N 0.29 
nig-kgl! 
0.24 0.07 
NH, 17.3 24.4 28.8 26.2 11.4 
Inorganic N NOj 14.7 21.6 6.7 12.6 10.9 
Total 32.1 46.0 35.5 38.9 22.4 
Potassium (K) Mehlich 1 
IN NH,OAc 242 297 
568 
764 
442 
677 
207 
319 
Phosphorus (P) Melilich 1 
Bray 1 96 197 
1.6 
6 
cn)nl(+) kg"' 
1.8 
6.9 
36 
69.9 
Soil CEC 
Gillman 
Summation 
- -
5.9 
14.2 
5.9 
15.9 
5.8 
12.5 
Mehlich 1 Ca 2290 2290 1486 
Mehlich 1 Mg 
- -
188 249 292 
Exchangeable Mehlich 1 Na ' - 2.4 2.6 2.4 
bases IN NH,OAc Ca • - 1863 2214 1607 
IN NH,OAc Mg ' - 241 345 377 
lACNH.OAc Na ' - 42.0 
peicfint 
43.0 44.0 
Clay • - 42.0 43.0 44.0 
Sand . . 30.0 26.0 33.0 
The Marshall series consists of well drained, moderately permeable soils on uplands 
and high stream benches. These soils formed in loess. The native vegetation was prairie 
grasses. Slopes range from 0 to 14 percent. Runoff is slow. Available water capacity is 
high. The sub-soil generally has a low supply of available phosphorus and potassium. 
Good tilth generally can be easily maintained (Soil Survey of Pottawattamie County, 
Iowa). The soils on which the Kenyan experimental sites were located are grouped 
together as Nitosols in the FAO-UNESCO 1974 system of soil classification. These are 
soils that are 150 cm deep or deeper and which not only show evidence of the movement of 
clay within the profile but also have diffuse soil horizon boundaries. They were formerly 
classified as Reddish Brown lateritic soils, and in Kenya they are referred to as 'Kikuyu 
Red Loam' (Muchena, 1981). 
These soils are often developed on volcanic rocks (basalts, phonolites and trachytes) 
and dark crystalline rocks. The physiography of the main areas of their occurrence is 
described as undulating to rolling uplands (Muchena, 1981). The soils are often dark red, 
dusky red, or dark reddish brown in color. The soils are friable or very friable and are 
porous throughout. They have favorable moisture storage capacity and aeration conditions. 
They show a marked structural stability which enables them to be cultivated even on 
moderately steep gradients. 
The chemical properties of these soils vary widely. The organic matter content, 
CEC and percentage base saturation range from low to high. These soils are known to 
17 
have a high degree of phosphorus sorption. For optimum crop production these soils 
require addition of fertilizers or manure (Muchena, 1981). 
In the analyses reported in Table 1, soil pH was determined by a glass electrode, 
organic carbon by the method of Nelson and Sommers (1975), total N by the semi-micro 
Kjeldahl procedure as described by Bremner and Mulvaney, (1982). Inorganic N (NH4"^ 
and NOj') was extracted using 2M KCl solution and determined in the extract by steam 
distillation as described by Bremner and Keeney, (1966). Exchangeable K, Ca, Mg and 
Na were extracted using both Mehlich 1 (the double-acid) and IN NH4OAC solutions. 
Potassium and Na were determined using a flame photometer, while Ca and Mg were 
measured by an Atomic Absorption Spectrophotometer. Phosphorus (P) was also 
extracted using two solutions namely: Mehlich 1 and Bray PI, and P was determined by 
colorimetry. Cation exchange capacity was measured by both the Gillman (1979) and 
summation (Okalebo et al., 1993; Page, 1982) methods. The clay and sand proportions 
were determined by the hydrometer method (Boyoucos, 1962). Micro-nutrients of the 
Kenyan soils were extracted using EDTA solution and measured by an atomic absorption 
spectrophotometer. 
Mineralogical analysis of the Kenyan soils was done and this is given in Figure 2. 
For this analysis, whole air-dried soil samples were ground to meet the X-ray machine 
fineness and then run. The machine used copper metal to generate the X-rays. Iowa soils 
samples from Bruner Farm were collected in June 1991, while those of Armstrong Farm 
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Figure 2: X-ray defractogram of whole soil of 0-20 cm depth. 
were collected in June 1994. These samples were oven dried at 60°C for 48 hours, ground 
to pass a 2-mm screen and stored for analysis. The Kenyan soils were collected in June 
1993. Inorganic N was extracted using 2M KCl solution from field-moist samples. The 
samples were then air-dried, ground to pass a 2-mm sieve and stored for other analyses 
(Table 1). 
Iowa Marshall series and the Kenyan Kerugoya soils have low pH values suggesting 
that liming may be necessary on these soils. The Kerugoya soil has low organic carbon 
and low total N contents, indicating that response of a crop grown on this soil to N 
application is more likely to occur than when the crop is grown on the other soils. Both 
Iowa and Kenyan soils have more NH4 form of N than NO3 form of N in the surface 30 cm 
of the profile. Several factors affect nitrification in soils and these include; soil pH, soil 
moisture regime, oxygen supply and temperature (Focht and Verstraete, 1977). 
Nitrification decreases when the soil pH is 6.0 or less and virtually stops at soil pH of 5.0 
or less (Dancer et al., 1973; Donaldson and Henderson, 1993; Sahrawat, 1982). In some 
soils, nitrification does not take place at all under natural conditions (Saunder et al., 1957). 
The Iowa Marshall series and Kerugoya soils have pH of 5.3. It is , therefore, possible 
that nitrification rate may have been reduced to below mineralization rate, resulting in 
more NH4-N in the soils than NO3-N (Table I). The situation in Muguga soil appears to 
be different. The soil pH is 6.0 or 5.6 but nitrification appears to be inhibited. It may be 
possible that a situation similar to that found in Southern Rhodesia (Zimbabwe) (Saunder et 
al., 1957) but of less magnitude exists in Muguga soil. At the Bruner Farm, 
mineralization of organic matter and leaching of NO3-N below the 30 cm of the soil 
profile may have caused NH4-N to be more than NO3-N since most of the rain received at 
the site fell before samples were collected on June 27, 1991. The Marshall series and 
Kerugoya soils appear to have relatively low extractable potassium (K) compared with the 
other soils. Mehlich 1 solution appears to extract less K from soils than IN NH4OAC 
solution (Table 1). 
The Kenyan Muguga soils has lower extractable P than the other soils. Bray PI 
solution extracts more P than Mehlich 1 (Table 1). The cation exchange capacity by the 
Gillman method is much lower than the summation method. Mehlich 1 appears to extract 
more Ca than IN NH4OAC solution. Kenyan soils have high extractable manganese 
contents (Table 1). Muguga soil has high quantities of feldspars and some quartz but no 
mica, while Kerugoya soil has virtually no feldspars and no mica (Figure 2). This may 
partly explain the relatively low extractable K in Kerugoya soil. 
Climate 
Mean monthly temperature and total monthly rainfall recorded at the nearest 
meteorological stations to the experimental locations are presented in Table 2. Iowa sites 
are shown to have the typical temperate climate where winters (very cold periods) and 
summers (very hot periods) occur in any given year. High rainfall is shown to occur 
during the months of May, June, July and August at both sites. This is the summer period 
Table 2. Temperature and rainfall (mm) at experimental sites 
Means JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEPT. OCT. NOV. DEC. 
Atlantic, Tnwa (Armstmng Farm) 
Temp. -7.8 -4.4 1.6 9.9 16.2 21.3 23.6 22,2 17.4 11.3 2.9 -3.9 
Rainfall 19 23 52 75 98 104 84 101 94 54 34 20 
AVERAGE ANNUAL RAINFALL 759 
Rnnnp., Tnwa (Rniner Farm) 
Temp. -8.4 -4.9 0.9 9.6 16.1 21.1 23.6 22.2 17.4 11.3 2.6 -4.5 
Rainfall 25 28 54 83 113 129 96 97 84 58 36 26 
AVERAGE ANNUAL RAINFALL 827 
Kenignya water office (Kenignya Site) Kenya 
Temp. 19.1 21.1 21.6 20.5 19.5 18.3 16.9 17.0 18.5 19.7 19.1 19.3 
Rainfall 31 36 104 358 272 70 59 67 51 223 197 74 
AVERAGE ANNUAL RAINFALL 1545 
to 
National Agriculture Research Center (Miigiiga Site) Kenya 
Temp. 16.8 17.3 17.7 17.0 15.7 14.4 13.5 13.9 15.3 16.6 16.2 16.3 
Rainfall 66 45 73 240 190 40 21 25 21 53 133 88 
AVERAGE ANNUAL RAINFALL 995 
during which temperatures are high and is also the crop growing season. During 
winter, Iowa soils receive additional water in form of snow and ice. Thus Iowa has 
one crop growing season in a given year (Table 2). 
The Kenyan sites are shown to have a typical tropical climate. There are no 
winters in this region of the world. There are, however cool periods such as during the 
months of May, June, July and August for Muguga site and June, July and August for 
Kerugoya site. Thus the Kerugoya site is warmer than the Muguga site. Crop growth 
is therefore expected to be faster at Kerugoya than at Muguga. The two sites in Kenya 
have two crop growing seasons in a year, that is the periods during the months of 
March to July and October to January. The Kerugoya site receives more rain than the 
Muguga site (Table 2). 
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PART I: EFFECT OF AMMONIUM (NH^) AND NITRATE (NO3) NITROGEN (N) 
WITH OR WITHOUT POTASSIUM (K) ADDITION ON THE YIELD AND N, P, 
K, Ca AND Mg COMPOSITION OF FIELD GROWN CORN 
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INTRODUCTION 
Increasing concern for the environment and high N fertilizer prices have 
prompted a fresh and more critical look at N fertilizer usage. Most crop growers want 
to eliminate or minimize fertilizer N losses from leaching and/or denitrification. One 
possible means of circumventing these loss mechanisms is through application and 
maintenance of N in the NH4 form. Maintaining N in the NH4 form conserves it in the 
soil. Generally soil particles are negatively charged and thus NH4 ions, which are 
positively charged, will be attracted to the soil particles and held there; thus they will 
not be leached through the soil beyond the plant root zone and into the groundwater. 
Also, the NH4 form of N is not converted to gaseous forms (N2, NO and NjO) by 
denitrification when the soil is water saturated. 
Numerous studies have been conducted to evaluate the effects of NH4-N and 
NO3-N on crop growth using nutrient solutions, as well as soils as media for plant 
growth. Several of these studies have shown that NH4-N at high concentrations, 
damages the crop and significantly decreases yields. Ajay et al. (1970) reported that 
when tomato plants received continuous N as NH4, severe stem lesions were produced. 
In comparing the effect of NH4 and NO3 on com grown in soils in the greenhouse, 
Dibb and Welch (1976) observed leaf lesions on corn similar to those described by 
Ajay et al. (1970). Wamcke and Barber (1973) reported that their highest yields of 
com were recorded with 0.94 to 4.24 ppm concentration of N regardless of the NH4 to 
NOj ratio. As N concentration was increased above 4.24 ppm, yield was lower with 
the higher NH4;N03 ratio. Blair et al. (1970) grew com equally well in nutrient 
solutions with either NH4 or NO3 as long as the N concentration was kept low. With a 
higher N concentration, NOj-fed plants yielded more than NH4-fed plants. Toxic effect 
of NH4 may occur by applying NH4 as the principal source of N together with 
nitrapyrin (a nitrification inhibitor) under field conditions (Blackmer and Sanchez, 
1988). 
An adequate supply of potassium (K) to plant roots has been shown to 
counteract the toxic effect of NH4-N nutrition. Potassium enhances the activity of plant 
enzymes functioning in the assimilation of NH4 and thus prevents accumulation of toxic 
concentrations of NH3 in the plant tissues. High concentrations of K also favors 
translocation of nitrogen compounds from the roots to the shoots (Ajay et al., 1970; 
Dibb and Thompson Jr., 1985; Dibb and Welch, 1976; Duke and Collins, 1985; 
Nowakowski et al., 1971; Shaviv and Hagin, 1988,1989; Stromberger et al., 1994; 
Xu et al., 1992). Unfortunately, most of these studies were carried out in solution 
cultures or short term greenhouse trials. The role of K in counteracting NH4 toxicity 
has not been studied as extensively in the field. 
Some investigations have shown that addition of NH4 and/or K lowers the 
concentration of calcium (Ca) and magnesium (Mg) in plant shoot tissues (Claassen and 
Wilcox, 1974; Dibb and Welch, 1976; Gallaher et al., 1975). Since Ca and Mg are 
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essential macro-nutrients, it is important that their concentrations are monitored in 
order to at least explain any yield reduction that may arise from their low 
concentrations in the shoot tissues. 
The availability of nitrification inhibitors makes it possible to limit nitrification 
of applied and mineralized N in the soil thereby maintaining some N in the NH4 form 
in the soil. Nitrapyrin (2-chloro-6-(trichloromethyl) pyridine) has been shown to be the 
most effective chemical compound in retarding nitrification of NH4 (Adriaance and 
Human, 1990; Barber et al., 1992; Bremner and Krogmeier, 1989; Chancy and 
Kamprath, 1982; Dibb and Welch, 1976; Hoeft, 1984; Glassock et al., 1995; Pan et 
al., 1984; Ronaghi and Soltanpour, 1993). 
The objective of this study was to determine whether or not NH4-N, supplied at 
a rate that is within economic reach of farmers, is toxic and if it is, whether or not K 
addition can reduce NH4-N toxicity. Thus the effect of NH4 and NO3 forms of N with 
or without K addition on the yield and N, P, K, Ca and Mg composition of field grown 
com was evaluated. 
MATERIALS AND METHODS 
This study was conducted during the short rains season (October 1993 to 
January 1994) and the long rains season (March to July) of 1994 at Muguga 
Agricultural Research Station and on a farmer's field at Kerugoya in Kenya. It was 
also conducted on the Armstrong Farm on the recently acquired Iowa State University 
Research Farm in Pottawattamie County, Iowa near Atlantic in 1994. 
At the Muguga Agricultural Research Station the experiment was conducted on 
two fields. During the first season the experiment was conducted on field 1 and during 
the second season on field 2. The first field had been under grass or fallow for over 6 
years, while the second had been under grass culture for about 2 years. Before then 
this second field had been used for a year as a demonstration site to farmers for 
fertilizer and manure use in crop production. Fertilizers used were: diammonium 
phosphate (DAP), monoammonium phosphate (MAP), triple superphosphate (TSP) and 
single superphosphate (SSP) for legume crops, and DAP, TSP, urea and calcium 
ammonium nitrate (CAN) for cereal crops such as corn. Manures used were: cow 
dung and chicken droppings. The farmer's field had been under cultivation since 1986. 
Crops grown were maize and beans. Maize was normally grown during the long rain 
seasons (March to July), whereas beans were grown during the short rains seasons 
(October to January). During some seasons, intercropping of maize and beans was 
done as well. Fertilizers were occasionally used by the farmer. This depended on 
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availability of funds and fertilizers in the nearby market. Fertilizers used by the farmer 
were: DAP, urea, CAN, and compound fertilizers such as 20-20-0 etc. The rates used 
by the farmer were far below the recommended rates of 50 kg N ha"' or 40 kg P2O5 
ha"'. No K fertilizers had been previously used. Relevant properties of the Kenyan 
soils are given in Table 1, and mineralogical composition of the soils from Kenya were 
also determined (Figure 2). Nitrogen fertilizer treatments on the two Kenyan soils 
consisted of a zero-N check and a band application of 100 kg N ha ' as urea or sodium 
nitrate (NaNOj). 
A two way timing of application scheme was utilized in applying the N sources 
to minimize differences in positional availability of applied N, and ensure that NH4-N 
retains its form to at least the silking stage (Pan et al., 1984). Under this scheme, half 
of the N fertilizer was applied when the maize crop was about 30 cm tall and the other 
half was applied when the crop was about 100 cm tall. A 7.5-cm deep farrow was 
made with a hoe at about 15 cm away from the crop row. Solid urea or NaNOa was 
hand applied uniformly in the furrows. Then nitrapyrin at 2 L ha ' was applied on the 
fertilizer using a backpack sprayer. Immediately after nitrapyrin application the 
furrows were filled with soil using hoes. All treatments received the nitrification 
inhibitor. Phosphorus at the rate of 40 kg PjOj ha ' was applied preplant. Triple 
superphosphate was the source. Potassium, in the form of muriate of potash (KCl), at 
the rate of 50 kg K ha"' was applied at the same time with the first split application of 
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fertilizer N. The plots dimensions were 11m x 2.25m (4 rows) of which 10.4m x 1.5m 
(2 inner rows) were manually harvested. Com hybrid "H5H" was planted at 43,590 
plants ha"'. 
Treatments were arranged in a randomized complete block design with four 
replications. Planting for the first season was done on October 23, 1993 at Kerugoya 
site and on October 29 at Muguga site. The first split N fertilizer application was done 
on November 19, 1993 at Kerugoya and on November 23, 1993 at Muguga. The 
second split N fertilizer application was done on December 24 at Kerugoya. There was 
no second split N fertilizer application at Muguga. 
Harvesting of the Kerugoya site was done on March 10, 1994 and of Muguga 
site on February 26, 1994. Planting for the second season at Kerugoya was done on 
March 16, 1994 and at Muguga on March 8, 1994. The first split fertilizer application 
at Kerugoya was done on April 26, 1994 and at Muguga on April 20, 1994. The 
second split fertilizer application at Kerugoya was done on May 19, 1994 and at 
Muguga on May 24, 1994. Harvesting of the second season crop at Kerugoya was 
done on August 22, 1994 and at Muguga on October 5, 1994. 
Soil samples were collected before fertilizer application, one week after the 
second split fertilizer application, at silking and at harvesting times. Four samples per 
plot were taken from the fertilizer application bands, mixed to make one composite 
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sample and stored in a freezing box. Sampling was done at depths of 0-30 cm, 30-60 
cm and 60-90 cm. This sampling was done on all treatment plots. 
Leaf samples were collected at silking. The leaf samples were obtained from 
opposite and below the ear, dried at 65° C for 48 hours, ground and analyzed for N, P, 
K, Ca and Mg. Grain yields were obtained from 10.4m of the two inner rows and 
corrected to oven dry weight. Nitrogen content of the grain was then determined. 
Nitrogen in all the plant samples was determined by the Kjeldahl method. Phosphorus, 
K, Ca and Mg were determined in all samples using a colorimeter for P and an atomic 
absorption spectrophotometer for the rest of the elements after digestion with a H2SO4-
H2O2 mixture (Okalebo et al., 1993; Page 1982). Weeds were controlled by hand 
cultivation. Tillage on the farmer's field was done by an oxen drawn plough while at 
the research station it was done by a tractor drawn disk plough. 
The N fertilizer treatments on one of the Iowa sites (Armstrong Farm) consisted 
of a zero-N check, with or without nitrapyrin addition, nitrapyrin plus K addition, and 
an injection band application of 100 kg N ha ' as urea, calcium nitrate or ammonium 
nitrate with or without nitrification inhibitor. Nitrapyrin and K were also band 
injected. Fertilizer application was done on the 17 June 1994 about a month and half 
after planting. The materials were injected in every other row in plots four rows wide 
(3m) and 13.5m long. One injection band provided nutrients to two rows of com. 
Potassium was added at a rate of 50 kg ha"' from two sources namely: KCl and 
potassium thiosulfate (KjSjOj). Nitrapyrin was added to treatments at a rate of 5 L ha' 
as required. "Golden Harvest 2573" hybrid com was planted on May 5 directly into 
soybean residue at a rate of 61,775 seeds ha '. Weeds were controlled using Frontier 
herbicide (1.5 L ha ' in 30 gallons of water) and Buctril herbicide (1.2 L ha"' in 18 
gallons of water). Leaf samples were collected at silking stage for N, P, K, Ca and 
Mg contents analysis. 
In preparation for harvesting, the combine passed perpendicularly across the end 
of the plots removing 1.5m from each end. The combine harvested all the four rows of 
the remaining 10.5 m of each plot. Com yields were adjusted to a standard moisture 
content of 15.5 percent. 
Soil samples were collected before fertilizer application. The samples were 
taken from the 0-30-cm depth only. Six samples per plot were taken from the fertilizer 
application bands. The samples were then brought to the lab, dried at 60°C for 48 
hours, ground to pass a 2-mm sieve and analyzed for inorganic N (NH4 and NO3), K 
and pH. Ammonium and NO3-N were extracted from the soil samples using a 2M KCl 
solution and determined in the extract by steam distillation and titration method 
(Bremner and Keeney, 1966; Page, 1982). Potassium was extracted using IM 
NH4OAC at pH 7.0 and determined in the extract by a flame photometer. Soil pH was 
measured using a pH meter. 
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RESULTS AND DISCUSSIONS 
During the October 1993 to January 1994 growing season, the amount of 
rainfall that was received on the experimental sites in Kenya was far below the 25 year 
average (Table 2 and 3), which is considered the "normal" amount of rain that is 
supposed to be received at the two sites during this period of the year. As a result of 
this low rainfall, there were no grain yields at the Muguga site and very low grain 
yields were obtained at Kerugoya site. 
Nitrogen loss due to leaching or denitrification during this period was 
considered to have been insignificant. Nitrification of NH4-N to NO3-N is also thought 
to have been insignificant since the nitrification process is affected by soil moisture 
deficits or low soil moisture contents (Tisdale et al., 1985). This is actually reflected 
in the amount of soil NH4-N at com silking stage and even at harvesting time at 
Kerugoya and Muguga sites as will be shown later. At Muguga site the period from 
the time urea was applied to harvest or the time the crop died of moisture stress was 
however shorter than that taken by the crop at Kerugoya site. The total amount of 
rainfall received at a site in a given season appears to have played a more significant 
role in determining the final yields than its distribution on the Kenyan sites (Table 3). 
In 1991, the Bruner Farm in Iowa received higher amount of seasonal 
rainfall than in 1992 (Table 3). However, most of the rain fell during the months of 
April and May. The rest of the season received little rain (Table 3). This affected crop 
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Table 3. Precipitation during the growing seasons at the experimental sites 
Month Year Month Year Month Year Month Year 
mm 
Kenya 
Kerugoya Muguga 
1993 1994 1993 1994 
October 133 March 73 October 22 March 104 
November 81 April 309 November 102 April 236 
December 35 May 257 December 22 May 137 
January 0 June 57 January 4 June 32 
February 14 July 35 February 43 July 21 
Total 263 731 
Inwa 
Total 193 530 
Bruner Farm Armstrong Farm 
1991 1992 1994 
April 229 April 98 April 67 
May 130 May 26 May 26 
June 105 June 15 June 200 
July 44 July 255 July 80 
August 92 August 56 August 95 
Total 599 449 Total 468 
use of July applied fertilizers, and resulted in generally lower yields. In 1992, the site 
received less rain than in 1991, but most of it fell, after fertilizers had been applied in 
the month of July (Table 3). This condition enabled the crop to effectively utilize the 
applied fertilizers resulting in higher yields than those obtained in 1991. 
In 1994, the Armstrong Farm in Iowa received 468 mm of rainfall which was 
less than that which fell on Bruner Farm in 1991 but more than the amount received in 
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1992 (Table 3). Yields obtained at Armstrong Farm were higher than those obtained at 
Bruner Farm. This can be partially explained by the occurrence of rain during the 
middle and latter parts of the 1994 season (Table 3). The results show that rainfall 
distribution played a more significant role in determining the final yield of com than 
the seasonal total amount received on Iowa sites (Tables 3). 
Soil analysis results of the vegetative stage of the first season do not reflect the 
full 100 kg N ha"' rate because samples were mistakenly collected when half of N 
fertilizers had been applied. Those of the silking stage , however, reflect the full 
amount of N fertilizers added. The results from the control plots are lower than those 
obtained from samples collected before experiments were established (Tables 1, 4 and 
5). This may be attributed to a dilution effect. Samples collected before experiments 
were established were dry, while those collected during vegetative and silking stages 
were wet, and since inorganic N was extracted from fresh samples, it is possible that 
soil moisture content lowered the concentration of inorganic N. Some evidence to the 
dilution effect due to soil moisture can be seen in the control plots in Table 4. The 
total soil inorganic N (TIN) at harvesting stage of season one is 7.26 mg kg"', while the 
amount at vegetative stage of the second season is 6.05 mg kg '. 
During the dry season high levels of soil NH4-N were maintained to silking and 
even harvesting stages at Kerugoya site (Table 4). The reasons for this are: first, it is 
possible that the nitrification inhibitor may have worked and nitrification of NH4-N was 
Table 4. Surface soil (0-30cm) NH4, NO3 and total inorganic N (TIN) at different stages of com development as 
influenced by N-form and K at Kerugoya site. Kenya 
Treatment Vegetative Silking Harvest 
N-forni K NH, NO, TIN NH^ NO, TIN NH, NO, TIN 
mg kg' 
kg K ha"' 
SpHsnn 1 
None 0 4.5 d 
00 
be 12.3 3.9 d 1.3 g 5.2 3.4 ef 3.8 e 7.3 
None 50 6.2 d 3.5 c 9.7 3.8 d 4.6 g 8.3 3.4 ef 1.7 f 5.1 
NH,-N 0 26.1 a 7.4 be 33.5 65.0 a 3.6 g 68.6 22.6 a 11.3 be 33,9 
NH,-N 50 29.0 a 11.5 bo 40.5 47.4 b 3.3 g 50.7 20.9 a 4.2 e 25.2 
NOj-N 0 3.9 d 24.5 a 28.4 3.9 d 62.8 a 66.7 3.1 f 12.6 ab 15.7 
NO,-N 50 3.4 d 15.2 b 18.6 8.0 d 25.7 de 33.8 7.9 d 8.1 d 16.0 
•Spncnn 0 
None 0 2.0 b 4.0 c 6.0 1.9 be 3.5 C 5.3 1.4 a 3.5 b 4.9 
None 50 1.4 b 3.3 c 4.7 1.5 c 1.8 C 3.3 1.2 a 2.8 b 4.0 
NH,-N 0 11.8 a 6.5 be 18.3 2.3 be 18.6 a 20.5 1.8 a 4.9 ab 6.7 
NH,-N 50 28.2 a 9.8 38.0 3.7 abe 7.6 be 11.2 1.6 a 2.8 b 4.4 
NOj-N 0 2.5 b 14.5 ab 17.0 2.1 be 3.4 e 5.5 2.1 a 6.7 a 8.8 
NO,-N 50 3.2 b 19.7 a 22.9 3.2 abc 6.8 be 10.0 0.8 a 2.3 b 3.1 
N-serve was added to all treatments 
N-rate from NH^ or NO, was 100 kg N lia"' 
Values followed by the same letter(s) in any given column do not differ significantly at the 5 % level (LSD) 
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Table 5. Surface soil (0-30cm) NH4, NO3 and total inorganic N (TIN) at different 
stages of com development as influenced by N-form and K at the Muguga site. Kenya 
Treatment Vegetative Harvest 
N-form K NH. NO, TIN NH. NO, TIN 
kg K ha ' mg kg ' 
S^jicnn I (fif-M ]) 
None 0 10.1 6.1 16.2 10.6 4.2 14.8 
None 50 11.8 7.0 18.8 23.2 7.3 30.5 
NH,-N 0 19.0 5.8 24.7 11.8 23.0 34.7 
NH^-N 50 20.4 9.3 29.6 21.8 36.4 58.2 
NO3-N 0 12.3 24.3 36.5 12.6 5.6 18.2 
NO3-N 50 11.5 11.4 22.9 7.8 4.8 12.6 
None 0 p
 
00
 
3.4 c 4.3 2.8 bed 3.2 b 5.9 
None 50 1.1 a 4.2 c 5.3 4.5 abc 3.5 b 7.9 
NH,-N 0 1.0 a 17.1 ab 18.1 1.7 d 13.1 a 14.7 
NH,-N 50 1.0 a 20.4 a 21.4 6.6 a 10.5 a 17.0 
NO,-N 0 0.7 a 4.4 c 5.1 4.0 bed 4.5 b 8.5 
NO,-N 50 0.7 a 10.8 ab 11.5 2.0 cd 5.7 b 7.7 
N-serve was added to all treatments 
N-rate from NH4 or NO, was 100 kg N ha ' 
Values followed by the same letter(s) in any given column do not differ significantly at the 5 % level (LSD) 
delayed. Second, low soil moisture content and pH may have significantly reduced 
nitrification (Tisdale et al., 1985, Sahrawat, 1982, Dancer et al., 1973). There was 
no silking stage at Muguga site during the second season (Table 5), but the results show 
similar trend to those from Kerugoya site. Potassium addition to Kerugoya site soil 
did not have a specific effect on the soil NH4-N, but lowered it more times than 
increased it (Table 4). At Muguga site, however, K addition increased NH4-N and this 
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occurred during both seasons (Table 5), indicating a difference in N and K interaction 
in Kerugoya and Muguga sites soils. 
During the second season adequate rainfall was received at both Kerugoya and 
Muguga sites. Due to excessive soil wetness, soil samples were not collected at 
Muguga site at the vegetative stage (Table 5). Nitrification of added NH4-N appears to 
have been accelerated during this season. Very low soil NH4-N was extracted at the 
silking stage (Tables 4 and 5). It is also shown that more NO3-N was extracted where 
NH4-N had been applied than where NO3-N was added. This shows that split 
application of fertilizer N did not keep most of NO3-N within the 0-30-cm depth of the 
soil profile. Although, using urea and a nitrification inhibitor may not have maintained 
high levels of NH4-N to silking stage, it however, managed to keep applied fertilizer N 
within the 0-30-cm soil depth (Tables 4 and 5, and 60 and 61 of appendix C). This 
agrees with the observation of Chancy and Kamprath (1982) who reported that addition 
of nitrapyrin reduced the amount of inorganic N leached out of the A horizon. 
Leaching of NO3-N took place but this did not move NO3-N beyond 60-cm depth of the 
soil profile (Tables 60 and 61 of appendix C). This may be attributed to split fertilizer 
application. 
Addition of KCl increased the level of K in the Kenyan soils. These elevated 
levels of soil K remained so at all stages of corn development (Tables 6 and 7). There 
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Table 6. Surface soil (0-30cm) K and water pH at different stages of com 
development as influenced by N- form and K additions at Kerugova site. Kenya 
Treatment Vegetative SiUdng Harvesting 
N-form Potassium Potassium pH Potassium nH Potassium pH 
kg K ha-1 mg K kg ' mg K kg ' mg Kkg" 
.9efl<:on 1 
None 0 294 b 5.6 153 b 5.6 64 be 5.6 
None 50 646 a 5.5 230 a 5.5 111 ab 5.9 
NH,-N 0 307 b 5.8 126 b 5.8 49 c 6.1 
NH,-N 50 573 a 5.6 137 b 5.6 106 abc 5.7 
NO3-N 0 230 b 5.6 137 b 5.8 69 be 5.1 
NO3-N 50 598 a 5.6 141 b 5.6 139 a 5.6 
Sfiflsnn 7 
None 0 77 bed 5.5 58 c 5.8 
None 50 131 abc 5.3 97 abc 5.7 
NH,-N 0 46 d 5.6 58 c 5.8 
NH,-N 50 130 abc 5.4 114 ab 5.5 
NO,-N 0 38 d 5.5 64 be 5.2 
NO,-N 50 144 ab 5.2 122 a 5.8 
N-serve was added to all treatments 
N-rate from NH4 or NO, was 100 kg N ha ' 
Values followed by the same letter(s) in any given column do not differ significantly at 5 % level (LSD) 
Table 7, Surface soil (0-30cm) K and pH at different stages of corn development as 
influenced by N-form and K additions at the Mugusa site, Kenya 
Season 1 (field 1) Season 2 (field 2) 
Treatment Vegetative Harvest Silking Harvest 
N-form K Potassium PH Potassium nH Potassium PH Potassium pH 
kg K ha ' mg kg"' mg kg"' mg kg"' mg kg"' 
None 0 797 6.0 579 5.8 696 de 5.7 521 ab 5.9 
None 50 909 5.8 533 5.6 904 bed 5.9 529 ab 6.2 
NH4-N 0 603 6.0 503 5.4 773 cde 6,5 521 ab 6.2 
NH,-N 50 908 5.9 610 5.4 1059 ab 6.2 622 a 6.2 
NO3-N 0 603 5.9 396 5.7 603 e 6.3 567 a 6.4 
NO,-N 50 983 5.9 646 5.4 1229 a 5.8 630 a 6.1 
N-serve was added to all treatments 
N-rate from NH, or NO3 was 100 kg N ha"' 
Values followed by the same letter(s) in any given column do not differ significantly at the 5% level (LSD) 
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were no soil samples taken at the different stages of com growth at Armstrong Farm 
Iowa. 
Leaf Element Content 
Leaf N concentration was increased by the addition of both NH4- N and NO3- N 
to the soils of all the experimental locations, his was expected as previous studies have 
shown similar results (Chancy and Kamprath; 1982, Pan et al., 1984). 
Potassium addition sharply reduced the leaf N and phosphorus (P) contents of 
com grown on Kerugoya soil (Table 8). This reduction in leaf N and P concentrations 
occurred even when K was supplied together with NH4-N. This observation, however, 
appears to be characteristic to Kerugoya soil as it does not occur for com grown on 
Muguga and Armstrong Farm soils. This suggests that there may be another or other 
unknown factor(s) in Kerugoya soil (a Paleudult) that causes K addition to lower com 
leaf N and P contents. Potassium addition also significantly lowered leaf K content of 
com grown on Muguga soil (Table 9) and K with urea or NH4-N and nitrapyrin 
lowered leaf K content of corn grown on Armstrong Farm soil (Table 10). Leaf K 
content is also lowered by addition of calcium nitrate to Armstrong Farm soil. Muguga 
soil (a Paleustalf) already has high levels of K and other cations (Table 1). Addition of 
K raises its level in the soil even further. This may result in harmful concentrations of 
K around com roots. Leaf K content of corn grown on Armstrong soil is significantly 
reduced only when NH4-N and nitrapyrin are supplied with K or when calcium nitrate 
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Table 8. Leaf composition as influenced by nitrogen(N) form and potassium at the 
Kerugova site. Kenya 
Elements 
N-form K N P K Ca Me 
kg K ha"' — percent 
Sfiflsnn 1 
None 0 1.23 be 0.12 be 1.87 ab 0.62 be 0.17 e 
None 50 1.16 c 0.12 c 2.08 ab 0.68 be 0.23 de 
NH,-N 0 1.52 ab 0.14 abc 2.05 ab 0.57 be 0.30 abed 
NH,-N 50 1.39 ab 0.14 abc 2.37 a 0.61 be 0.39 a 
NO,-N 0 1.43 ab 0.15 a 1.73 ab 0.68 be 0.26 bcde 
NOj-N 50 1.58 a 0.14 abc 2.22 ab 0.64 be 0.34 abc 
Season ? 
None 0 1.23 be 0.12 be 1.87 ab 0.62 be 0.17 e 
None 50 1.16 e 0.12 c 2.08 ab 0.68 be 0.23 de 
NH4-N 0 1.52 ab 0.14 abc 2.05 ab 0.60 be 0.30 abed 
NH,-N 50 1.39 ab 0.14 abc 2.37 a 0.61 be 0.39 a 
NOj-N 0 1.43 ab 0.15 a 1.73 ab 0.68 be 0.26 bcde 
NO,-N 50 1.58 ab 0.14 abc 2.22 ab 0.64 be 0.34 abc 
N-serve was added to all treatments 
N-rate from NH^ or NO, was 100 kg N ha"' 
Values followed by the saine letter(s) in any given colunm do not differ significantly at the 5 % level (LSD) 
Table 9. Elements in leaf material as influenced by nitrogen form and potassium at 
the Muguga site, Kenya (Season 2 - field 2) 
Treatment 
N-form K N P K Ca Mg 
kg K ha ' — percent 
None 0 2.66 abe 0.15 a 2.21 abe 0.44 cd 0.09 be 
None 50 2.75 abc 0.23 a 2.15 abc 0.58 abc 0.10 be 
NH,-N 0 2.60 e 0.19 a 2.38 a 0.40 d 0.08 d 
NH,-N 50 2.80 abc 0.23 a 2.01 c 0.62 ab 0.09 be 
NO3-N 0 2.84 abc 0.22 a 2.17 abe 0.45 cd 0.12 a 
NO,-N 50 2.78 abc 0.21 a 2.05 be 0.45 cd 0.09 be 
N-rate was 100 kg ha"' and N-serve was added to all treatments 
Values followed by the same letter(s) in any given column do not differ significajitly at the 5% level (LSD) 
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Table 10. Elements in leaf material as influenced by nitrogen form and potassium at 
the Muguga site. Kenya (Season 2 - field 2) 
Treatment 
N-form K N P K Ca Mg 
Kg ha"' percent 
N-serve 0 2.66 abc 0.15 a 2.21 abc 0.44 cd 0.09 be 
N-serve 50 2.75 abc 0.23 a 2.15 abc 0.58 abc O.lObc 
NH^-N 0 2.60 c 0.19 a 2.38 a 0.40 d 0.08 d 
NH^-N 50 2.80 abc 0.23 a 2.01 c 0.62 ab 0.09 be 
NO3-N 0 2.84 abc 0.22 a 2.17 abc 0.45 cd 0.12 a 
NO,-N 50 2.78 abc 0.21 a 2.05 be 0.45 cd 0.09 be 
N-rate was 100 Kg ha-1 
Values followed by the same letter(s) in any given cohimn do not differ significantly at the 5% level 
(LSD) 
is added. This reduction may be attributed to cation competition for cation uptake sites 
on com roots as both NH4-N and calcium nitrate supply cations (NH4"^ and Ca^") 
(Tisdale et al., 1985). Both leaf Ca and Mg contents were reduced significantly by the 
addition of NH4-N to Muguga and Armstrong Farm soils, but they were increased 
when NH4-N was added to Kerugoya soil (Tables 8, 9 and 10). 
The increase in leaf Ca and Mg contents by NH4-N addition to Kerugoya soil is 
in contrast, not only to the results obtained from Muguga and Armstrong soils but also 
to previous reports which showed that NH4-N addition lowers leaf Ca and Mg 
concentrations in plant tissues (Claassen and Wilcox, 1974; Dibb and Welch, 1976; 
Gallaher et al., 1973). It appears Kerugoya soil has characteristics that are unique 
which make it behave differently from Muguga and Armstrong soils. The low leaf Mg 
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content of com from Muguga site may be attributed to the high levels of NH4-N and K 
in the soil (Table 1 and 9). 
Nitrate N as NaNOa significantly lowered leaf K content when added to 
Kerugoya soil, but only slightly lowered leaf K concentration when added to Muguga 
soil. Since sodium (Na) can substitute for K (Tisdale et al., 1985), and if K addition 
lowered leaf K content then Na addition should be expected to do the same. 
Application of K as K2S2O3 significantly reduced leaf N, K, P, Ca and Mg 
contents of com grown on Armstrong Farm soil. This is surprising. Potassium 
thiosulfate was used not only to supply K, but also to serve as a nitrification inhibitor. 
It now appears K2S2O3 is not a good substance either as a K source and sulphur or as a 
nitrification inhibitor. 
Grain yield 
Com grain yields on the Kerugoya and Armstrong Farm soils were increased 
significantly when inorganic N (NH4 or NO3) was added (Tables 11, 12 and 13), 
indicating that N was deficient in these two soils. Addition of either NH4-N or NO3-N 
to Muguga site soil did not significantly increase grain yields, instead the yields were 
slightly depressed. This shows that N deficiency was most probably not a problem in 
this soil. The dry matter yields obtained during the dry first season were however 
slightly increased (Table 12). Grain yields obtained from Muguga site were much 
lower than those obtained from Kerugoya or Armstrong Farm locations (Tables 11, 12 
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Table 11. Effect of N-form and potassium on com leaf composition from the Armstrong 
Farm. Iowa (1994) 
Treatments 
N-forms K N P K Ca ME 
kg ha ' 
KCl 
Urea 0 2.78 abcde 0.29 ab 1.65 b 0.41 b 0.15 a 
Urea+N-Serve 0 2.76 abcde 0.29 ab 1.69 ab 0.47 ab 0.18 a 
Urea+N-Serve 50 2.70 abcde 0.27 ab 1.43 b 0.44 ab 0.17 a 
CalNOj)^ 0 2.69 abcde 0.29 ab 1.48 ab 0.57 a 0.15 a 
Ca(NOj)2+N-Serve 0 3.14 a 0.30 ab 1.65 ab 0.52 ab 0.17 a 
Ca(NOj)j+N-Serve 50 2.99 abc 0.29 ab 1.65 
lCS,Qj 
ab 0.51 ab 0.18 a 
Urea 0 2.78 abcde 0.29 ab 1.65 ab 0.41 b 0.15 b 
Urea+N-Serve 0 2.76 abcde 0.29 ab 1.69 ab 0.47 ab 0.18 a 
Urea+N-Serve 50 2.56 cde 0.25 b 1.47 b 0.38 b 0.15 b 
CaCNOj), 0 2.69 abcde 0.29 ab 1.48 b 0.57 a 0.15 a 
Ca(N03)j+N-Serve 0 3.14 a 0.30 ab 1.65 ab 0.52 ab 0.17 a 
CafN O,),+N-Serve 50 2.64 bale 0.30 ab 1.72 ab 0.50 ab 0.17 a 
N-rate was 100 kg ha"' 
Values followed by the same letter(s) in any given column do not differ significantly at 5% level (LSD) 
Table 12. Effect of N-form and K on com grain yield and grain N content at 
Kerugoya site, Kenya 
Treatment Season 1 Season 2 Season 1 Season 2 
N-form K Grain yield Grain N 
kg K ha"' tons ha"' percent 
N-serve only 0 1.42 b 3.53 d 1.40 de 1.33 b 
N-serve only 50 1.37 b 3.79 d 1.32 e 1.33 b 
NH4-N 0 2.52 a 8.99 a 1.63 a 1.38 ab 
NH4-N 50 2.19 ab 7.28 be 1.17 f 1.42 ab 
NO3-N 0 2.25 ab 7.49 be 1.40 de 1.37 ab 
NOrN 50 2.14 ab 7.11 be 1.57 ab 1.55 ab 
N- rate was 100 kg N ha"' 
Values followed by the same letter in a given column do not differ 
significantly at 5 % level LSD 
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Table 13. Effect of N-form and K on com grain yield and protein content at 
Armstrong farm. Iowa (1994) 
Treatment 
Nitrogen Potassium Grain Protein 
applied added vield content 
kg N ha"' kg K ha ' tons ha"' % 
Nn nitrngf-n adilwl 
0 0 8.71 de 6.9 
0+N-serve 0 9.49 cde 6.9 
0+N-serve 50(KjSJ03) 10.11 bed 6.9 
0 + N-serve 50(KCL) 10.43 abc 7.3 
I Trefl 
100 0 10.16 abc lA 
100 + N-serve 0 10.52 abc 7.1 
100 + N-serve SOCK^SjOj) 8.95 de 7.2 
100 + N-serve 50(KC1) 10.52 abc 7.2 
CatNDj), 
100 0 9.84 
100 + N-serve 0 11.31 a 
100 +N-serve SOCiqSjOj) 10.74 ab 
100 + N-serve 50(KC1) 9.93 bed 
NH.NQj 
100 0 10.33 abc 7.4 
100+N-serve 0 10.74 ab 7.2 
100+N-serve 50(K2SJ03) 10.31 abc 7.2 
100+N-serve 50(KC1) 10.72 ab 7.1 
Values with the same letter are not significantly different at the 5 % level (LSD) 
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and 13). This may be attributed to the low levels of P and perhaps high levels of 
manganese in Muguga soil (Table 1). The amount of P added to the soil, 40 kg P2O5 
ha ', may not have been enough to increase yield to the level of those obtained from 
Kerugoya or Armstrong Farm. The 40 kg P2O5 ha ' is the rate recommended for 
Muguga area soils (Okalebo, 1977). For this particular field, this rate may not have 
been enough. Also the high levels of manganese may have reacted with the added P to 
form insoluble manganese-phosphate complexes (Sample et al., 1985) thus further 
reducing the amount of added and readily available P. Kerugoya and Armstrong Farm 
soils have relatively high levels of extractable and thus available P. This means P 
deficiency was not likely to occur on these two sites (Table 1). Ammonium N 
produced the highest com grain yield on Kerugoya site soil and this occurred during 
both dry and wet seasons (Table 11). The toxic effect associated with NH4-N nutrition 
was not observed at this location. Instead significant yield increase was obtained. 
When K was added together with NH4-N significant yield reduction from the maximum 
or highest obtained yield occurred. This indicates that addition of K to this soil (a 
Typic Paleudult) was not needed. Application of K alone slightly depressed yield 
during the dry season but slightly increased yield during the wet season at Kerugoya 
site (Table 11). Nitrate N on the other hand also produced significant com yield 
increase, but this increase was not as much as that obtained with NH4-N (Table 11). 
When K was added with NO3-N a slightly further reduction in yield from that obtained 
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with NO3-N alone occurred. This clearly shows that K addition to Kerugoya soil at the 
rate of 50 kg ha"' was not necessary. The toxic effect associated with NH4-N nutrition 
and the role of K to counteract this toxic effect was not observed here at Kerugoya site. 
It is thus suspected that the level of K in Kerugoya soil was high enough such that the 
toxic effect of NH4-N at the rate of 100 kg N ha"'-was not to be observed. Addition of 
K to Kerugoya soil has also this unique effect of lowering leaf N and P concentrations. 
This may partly explain the significant reduction in yield when K is added to Kerugoya 
soil. 
At the Armstrong Farm, NH^-N with or without nitrapyrin produced significant 
com grain yield increases (Table 13). When K was added as muriate of potash (KCl) 
with NH4-N, com yields were not depressed below that obtained with NH4-N alone 
(Table 13) as was observed at Kerugoya. Application of K alone as either KCL or 
K2S2O3 significantly increased com grain yield, suggesting that K is needed to be added 
to Armstrong soil for higher yields. However, addition of K as K2S2O3 with NH4-N as 
urea, significantly reduced yields below that obtained with NH4-N alone (Table 13). 
Similar results were obtained when ammonium nitrate (NH4NO3) was used as the 
source of N except that application of K2S2O3 with NH4NO3 did not depress yields, and 
the yields were slightly higher than those obtained with NH4-N. This slightly higher 
yield obtained with NH4NO3 than with NH4 alone appears to support other observations 
of previous reports which indicated that the use of a mixture of NH4 and NO3 forms of 
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N improves crop growth and increases yield (Below and Gentry, 1987; Adriaanse and 
Human, 1986, 1988a, 1988b, 1990). 
When NO3-N as cedcium nitrate was used with nitrapyrin the highest grain yield 
was obtained at Armstrong Farm. However, when calcium nitrate was used without 
nitrapyrin or with K as KCl plus nitrapyrin yields were reduced significantly below that 
obtained with calcium nitrate plus nitrapyrin, or with NH4-N alone, or with K and 
nitrapyrin, or with NH4-N plus KCl (Table 13). This may be attributed to the loss of 
NO3-N through leaching and/or denitrification and possibly cation (K^, and 
NH4"^) competition for uptake sites. When calcium nitrate was used with nitrapyrin the 
NH4-N present in the soil and N from organic matter that was mineralized into NH4-N 
form was not nitrified. This form of N was therefore not leached or denitrified and 
lost. It was thus available to the crop. This is shown by the increase in yield when 
nitrapyrin was used alone (Table 13). Not all the NO3 was lost. Some remained within 
the rooting zone for the crop to pick up. As a result more nitrogen was available for 
crop uptake. Also, a slightly higher NH4:N03 ratio may have been maintained for 
sometime when nitrapyrin was used. This higher NH4:N03 ratio possibly improved 
plant growth (Below and Gentry, 1987). The reduction in yield when calcium nitrate 
and KCl were added to Armstrong Farm soil may be attributed to a reduction in leaf K 
content probably due to cation competition (Tisdale et al., 1985). 
When calcium nitrate was used with K as KjSjOj plus nitrapyrin significant 
yield increase was obtained. This may be because potassium thiosulfate is not only 
supposed to supply K but also serve as a nitrification inhibitor. Hence the similarity of 
these results to those obtained when Ca(N03)2 was used with nitrapyrin. As a 
nitrification inhibitor KjSjOj appears to also work with NH4NO3 but not with urea 
(Table 13). This indicates that K2S2O3 not only affects the activities of Nitrosomonus 
bacteria but also the activity of the enzyme urease. These observations are in 
agreement with those obtained by Goos, (1985) and Goos et al., (1986). These 
authors found that the thiosulfate ion is both a nitrification and urease inhibitor. This 
means urea was not immediately hydrolyzed to NH4 form, and therefore, the supply of 
N to the crop from urea was for some possibly significant period of time in the form of 
molecular urea ((NH2)2CO). Urea uptake by plants is generally less rapid than NH4 or 
NO3 uptake (Hentschel, 1970; Vigue et al., 1977), and while urea uptake may be 
independent of NO3 uptake, it may be competitively inhibited by NH4 (Harper, 1984). 
Therefore, the supply of N to the crop from urea was not only slowed down but it may 
have been inhibited by the presence of NH4"^ ions since KjSjOj is also a nitrification 
inhibitor. This may have caused a temporary N deficiency and reduced yields. Also, 
after the thiosulfate had been oxidized to sulfate, urea was hydrolyzed into NH4"^ ions. 
The >^4^^ ions and ions may have lowered the uptake of other cations Ca^"*" and 
Mg"^' to deficiency level and reduced yields. 
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When urea was applied to Kerugoya site and Armstrong Farm soils, yields were 
significantly increased (Tables 11 and 13), thus showing that the toxic effect associated 
with NH4-N to com growth at the rates utilized did not occur. It may be possible that 
it does not occur at all at these rates. The rates utilized are those within economic 
reach of most farmers in both states. Potassium addition as a means of counteracting 
the toxic effect of NH4-N nutrition was shown not to be necessary on these soils. This 
may be attributed to adequate levels of K contained in the soils utilized. Also, the crop 
in the field has a relatively large volume of soil available to it compared with 
greenhouse situations. Most of the reports on toxic effects of NH4-N on crops are from 
greenhouse or solution culture trials (Ajay et al., 1970; Claassen and Wilcox, 1974; 
Dibb and Welch, 1976; Blair et al., 1970; Wamcke and Barber, 1973; Gallaher, 
1976). The use of nitrification inhibitor and split application of fertilizer N is shown to 
have the effect of retaining inorganic N (mostly NO3-N) within the rooting zone of a 
seasonal crop. This indicates that it is possible to supply corn with perhaps enough N 
and keep it within its (the crop) reach to at least the silking stage, thus ensuring 
maximum N recovery and increased yields. In the Kenyan situation, where there are 
dry periods between seasons, the use of nitrification inhibitor and split fertilizer N 
application may reduce groundwater pollution with nitrates. The inorganic N that may 
be left behind by the crop at the end of the season may be used by the following crop 
since there will not be any percolating water to leach it out of the rooting zone. 
In Iowa, the situation is different. In between season there is additional water 
from snow and ice. This may leach inorganic N left behind by a crop. However the 
amount may not be large enough to be a serious problem since the crop will be able to 
utilize most of it. Therefore, the use of urea or NH4-N with a nitrification inhibitor in 
com production appears to be a first step towards keeping groundwater free of nitrates 
in Kenya, but it may not be the same case in Iowa , especially when a crop does not 
recover most of the applied N. 
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PART II: EFFECT OF VARIOUS AMMONIUM/NITRATE (NH4/NO3) 
APPLICATION RATIOS WITH OR WITHOUT POTASSIUM (K) ADDITION ON 
THE YIELD AND N, P, K, Ca AND Mg COMPOSITION OF FIELD GROWN 
MAIZE 
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INTRODUCTION 
Nitrogen is the nutrient element taken up in largest amounts by plants and is the 
only one that is absorbed both in the cation (NH^"^) and anion (NOs"^) forms. Most of 
the soil N available for crop uptake is in the NO3 form due to nitrification, although 
NH4 is the most prevalent form of N fertilizer applied. As the concern over NO3 loss 
through leaching and denitrification, and NO3 pollution of groundwater increase, NH4 
nutrition is increasingly becoming more important in crop production. 
Physiologically com plants respond to NO3 differently than to NH4 nutrition. 
Previous studies have shown that both NO3 and NH4 forms of N can be taken up by 
com plants; however, NH4 is absorbed relatively rapidly by roots and utilized more 
effectively than NOj for protein synthesis (Schrader et al., 1972), and tissues 
accumulate higher concentrations of N from NH4-N than from NO3-N (Dibb and 
Thompson Jr., 1985; Dibb and Welch, 1976). Nitrate absorbed after mid-silk may not 
be utilized for grain filling (Friedrich et al., 1979; Friedrich and Schrader, 1979) and 
certain prolific genotypes are not able to take up NO3-N during kernel development 
(Pan et al., 1984). 
Although NH4-N is metabolically more efficient than NO3-N, a high 
concentration of NH4-N especially during seedling stage of a crop can force N 
assimilation and create a carbon stress for other metabolic processes (Below and 
Gentry, 1987). Therefore, the presence of a mixture of NO3 and NH4, generally 
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improves growth over that with either NO3 or NH4 alone ( Below and Gentry, 1987; 
Schrader et al., 1972). Similar observation were reported with wheat ( Bock, 1986; 
Cox and Reisenauer, 1973). More recently mixtures of NO3 and NH4 have been 
shown, in solution cultures, greenhouse trials and even field conditions to improve 
growth and increase yields over that of NH4 or NO3 alone (Adriaanse and Human, 
1988a, b, 1990; Alexander et al., 1991; Barber etal., 1992; Below and Gentry, 1992; 
Cao and Tibbits, 1993; Liu and Shelp, 1993; Shaviv and Hagin, 1988, 1989; Smiciklas 
and Below, 1992; Vessey et al., 1990; and Villa et al.,1992). Nitrification inhibitors 
have made it possible to limit nitrification of applied and mineralized N in soils thereby 
maintaining N in the ammoniacal form (Barber et al., 1992; Blackmer and Sanchez, 
1988; Hoeft, 1984; Glasscock et al., 1995), which means different NH4:N03 ratios can 
be obtained in soils. However the application ratio required for maximum crop growth 
and yield remains unclear. 
Potassium is another important nutrient element for corn plants which affects 
growth through regulation of biochemical and physiological processes (Duke and 
Collins, 1985; Nowakowski, 1971). In addition, K may affect NH4-N nutrition. 
Working with tomatoes, Ajay et al. (1970) found that when tomato plants received 
continuous NH4 as the N source, severe stem lesions were produced unless K was 
added at equivalent rates. These authors concluded that K enhanced NH4 assimilation 
in the plant and prevented NH3 toxicity. Dibb and Welch, (1976), suggested a 
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complementary uptake effect between NH4'^ and K"*" ions. These studies show that as 
long as equivalent rates of K are supplied high concentrations of NH4-N can be made 
available to plants roots. This means large NH4:N03 ratios can be realized and 
maintained in rooting zones long enough to reduce N loss due to leaching and 
denitrification and NH3 toxicity controlled as well. 
The objective of this study was to evaluate the effect of various NH4:N03 
application ratios, with or without K addition on the yield and N, P, K, Ca and Mg 
composition of field grown com. 
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MATERIALS AND METHODS 
In Kenya, the N fertilizer application ratios used were: 100% NH4:0% NO3, 
75% NH4:25% NO3, 50% NH4:50% NO3, 25% NH4:75% NO3 and 0% NH4J00% 
NO3 Nitrogen rate was 100 kg ha"' as urea or NaN03, K rate was 50 kg K ha"' as 
KCl and P was 40 kg P2O5 ha ' as triple superphosphate (TSP). In Iowa the source of 
NO3 was NH4NO3 and calcium nitrate Ca(N03)2 and the ratios used were: 100% 
NH4:0% NO3, 50% NH4:50% NO3 and 0% NH4;100% NO3. Potassium was supplied 
at the rate of 50 kg K ha ' as KCl and as K2S2O3. Muriate of potash or KjSjOj was 
added to the 100 kg ha"' of N fertilizer rate used in this experiment. Methods of 
fertilizer application, soil and plant samples collection schemes, weed control, 
harvesting systems and soil and plant samples preparation and analysis were done the 
same way as is described in part 1. 
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RESULTS AND DISCUSSIONS 
To obtain a strictly 100% NH4:0% NO3 or 0% NH4:100% NO3 ratios in soils, 
especially in the field is obviously impossible. This is because soils contain both NH4 
and NO3 forms of N in various levels that keep changing almost daily. In this 
experiment soil analysis for these inorganic forms of N was done to determine how 
close one can get to the true 100% NH4:0% NO3 ratio. The NH4;N03 ratio before 
fertilizer addition was 51:49 for Kerugoya site soil and 81:19 for field one and 67:33 
for field two of Muguga site soil (calculated from Table 1). Soil analysis results at the 
vegetative stage of the dry season do not reflect the 100 N kg ha ' rate because samples 
were mistakenly taken when half of N fertilizers had been applied. 
During the dry season, % NH4:% NO3 ratios of 95:5 or 6:94 were realized at 
Kerugoya site at the silking stage, and the level of inorganic N (NH4 and NO3) was 
high (Table 14). A number of reasons can explain these results. First, it is possible 
that the nitrification inhibitor did work and nitrification was delayed. Second, it is 
also possible that nitrification was negatively affected by low soil moisture content 
(Tisdale et al., 1985) and low soil pH (Sahrawat, 1982 and Dancer et al., 1973) and 
thus was significantly reduced. Third, leaching of NO3-N was insignificant because of 
low rainfall that was received at the site, resulting in NO3-N remaining within the 0-30-
cm depth; and finally crop N uptake, by silking time, may not have been high enough 
to lower the level of soil N. At harvesting time the level of inorganic N had 
Table 14. Surface soil (0-30cm) NH4, NO3 contents and NH4:N03 ratio at different stages of com development as 
influenced by NH^/NO, application ratios and K addition at the Kerugoya site. Kenya 
Ratio Vegetative Silking Harvest 
NH4/N0, Potassium NH< NO, Ratio NH, NOj Ratio NH^ NO, Ratio 
percent kg K ha ' • mg ha ' - mg ha ' — - mg ha"' 
SpHsnn 1 
100 /0  0 26.1 a 7.4 be 78:22 65.0 a 3.6 g 95:5 22.5 a 11.3 be 66:34 
N 50 29.0 a 11.5 be 72:28 47.3 b 3.3 e 93:7 20.9 a 4.2 e 83:15 
75/25 0 18.1 b 13.4 b 57:43 46.7 b 22.0 f 68:32 13.0 b 12.6 ab 51:49 
" 50 15.6 be 11.7 be 57:43 32.3 e 19.3 f 62:38 10.8 be 6.5 d 62:38 
50/50 0 15.6 be 30.5 a 34:66 30.7 e 29.2 d 51:49 6.2 de 9.9 e 38:62 
n 50 17.2 be 12.7 b 57:43 34.9 e 43.8 e 44:56 8.3 cd 4.2 e 66:34 
IS ns 0 13.0 c 31.0 a 29:71 33.7 e 53.3 b 39:61 4.7 ef 6.9 d 40:60 
" 50 14.1 be 25.5 a 36:64 25.8 e 23.1 ef 53:47 8.0 cd 13.2 a 37:63 
0 /100  0 3.9 d 24.5 a 14:86 3.9 d 62.8 a 6:94 3.2 f 12.6 ab 20:80 
- 50 3.4 d 15.2 b 18:82 8.0 d 25.7 de 24:76 7.9 d 8.1 d 49:51 
SpHcnn 9 
100 /0  0 11.8 b 6.5 be 64:36 2.2 be 18.6 a 10:90 1.8 a 4.9 ab 27:73 
ft 50 28.2 a 9.8 abc 74:26 3.7 abc 7.6 be 33:67 1.6 a 2.8 b 36:64 
75/25 0 9.1 abc 7.4 be 55:45 4.7 ab 17.7 a 21:79 1.9 a 2.8 b 39:61 
M 50 2.6 c 5.8 be 31:69 2.7 be 8.1 be 25:75 2.5 a 4.7 ab 35:65 
50/50 0 4.8 c 8.6 be 36:64 3.6 abc 12.3 ab 22:78 2.2 a 3.8 ab 36:64 
rt 50 6.8 be 8.6 be 44:56 2.9 be 7.4 be 28:72 2.1 a 3.9 ab 35:65 
25/75 0 2.0 c 8.9 be 18:82 1.6 e 4.5 e 26:74 2.5 a 3.8 ab 39:61 
M 50 2.6 c 14.1 ab 16:84 6.2 a 2.8 e 68.32 1.5 a 3.8 ab 29:71 
0/ 100 0 1.5 cd 14.5 ab 9:91 2.1 be 3.4 e 38:62 2.1 a 6.7 a 23:77 
M 50 3.2 e 19.7 a 14:86 3.2 abc 6.8 be.. 32:68 l.S fl 2.3 b 44:56 
Values followed by the same letter(s) in any given column do not differ significantly at the 5 % level (LSD) 
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gone down, but was still high (Table 14), showing that crop uptake was low. During the 
second wet season, the level of inorganic N was low (Table 14). This may be attributed to 
both dilution effect and high crop uptake. The soil samples taken were very wet, and since 
extraction of inorganic N was done on fresh samples, it is possible soil moisture diluted 
the concentration of N in the samples. Nitrogen uptake by the crop was also high. 
Leaching was significant during the season but NO3-N was not moved beyond the 60 cm 
depth of the soil profile (Appendix table 50). This is attributed to split fertilizer 
application. 
Soil moisture was adequate and therefore nitrification of NH4-N to NO3-N was 
significant (Table 14). The use of nitrification inhibitor resulted in only keeping both 
inorganic N, mostly NO3-N, within the 0-30 cm soil depth (Table 14 and Appendix Table 
50). 
There was no silking stage at Muguga site during the dry season. However, at 
harvesting stage the level of inorganic N was still high indicating that crop uptake was low. 
The crop did not reach even the tasseling stage. During the second wet season, no soil 
samples were collected at the vegetative stage due to excessive soil wetness. Samples 
were, therefore, collected at silking and harvesting stages (Table 15). Table 15 also shows 
that most of NH4-N had been nitrified by silking stage and where more NH4-N had been 
applied, NO3-N is high in the surface soil. This shows that nitrification may have been 
delayed. The use of nitrification inhibitor managed to keep most of fertilizer N within the 
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Table 15. Surface soil (0-30cm) NH^, NO3, contents and NH4:N03 ratios at different 
stages of com development as influenced by NH4/NO3 application ratios and K addition at 
the Muguga site, Kenya 
Ratio Vegetative Harvesting 
NH,/NO, K NH. NO, Ratio NH, NO, Ratio 
percent kg ha ' • mg kg"' nig kg"' 
.Sencon 1 - fipl.l 1 
100/0 0 19.0 5.8 77:23 11.8 23.0 34:66 
n 50 20.4 9.3 69:31 21.8 36.4 37:63 
75/25 0 18.4 13.8 57:43 30.2 38.6 44:56 
N  50 24.2 18.1 57:43 24.1 32.8 42:58 
50/50 0 14.3 14.0 50:50 15.1 10.4 59:41 
N  50 19.2 19.8 49:51 14.6 17.9 45:55 
25/75 0 14.4 20.3 41:59 12.3 33.9 27:73 
" 50 11.6 10.5 52:48 21.8 36.4 37:63 
0/100 0 12.3 24.3 33:67 12.6 21.6 37:63 
H  50 11.5 11.4 50:50 7.8 34.7 18:82 
Silking Harvest 
100/0 0 1.0 a 17.1 ab 5:95 1.7 d 13.1 b 11:89 
M  50 1.0 a 20.4 a 4:96 6.6 a 10.5 b 38:62 
75/25 0 0.9 a 10.6 abc 8:92 4.3 abc 12.0 b 26:74 
n  50 0.6 a 7.5 be 7:93 4.1 abc 5.2 c 44:56 
50/50 0 1.4 a 12.3 abc 10:90 2.9 bed 5.20 c 36:64 
M  50 1.7 a 16.7 ab 9:91 4.9 ab 31.3 a 13:87 
25/75 0 1.6 a 17.4 ab 8:92 3.2 bed 9.55 b 25:75 
I t  50 1.2 a 10.3 abc 10:90 3.4 bed 6.4 b 35:65 
0/100 0 0.7 a 4.4 c 14:86 4.0 bed 4.5 c 47:53 
N  50 0.7 a 10.8 abc 6:94 2.0 cd 5.7 c 26:74 
N-rate was 100 Kg N ha"' 
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0-30-cm soil depth. There were no soil samples taken at different stages of com 
development at the Armstrong Farm. 
Addition of K raised the level of soil K of both Kerugoya and Muguga sites. Soil 
pH or soil acidity appears not to have been affected by urea or KCl or NaNOj addition 
(Tables 16 and 17). 
Leaf element content 
The different NH4:N03 application ratios did not have a specific pattern on their 
effect on the leaf contents of the elements analyzed. Leaf N content was clearly higher 
during the wet season than the dry one, indicating that N uptake was affected by soil 
moisture. Leaf K content appears not to have been affected by soil moisture. The 
dilution effect due to an increase in plant growth may have lowered leaf K content during 
the wet season (Table 18). Leaf magnesium (Mg) content of com grown on Muguga soil 
was very low (Table 19). Leaf Mg content of corn grown on Kerugoya soil was very high 
(Table 18), while the leaf Mg content of Armstrong Farm grown com was some where in 
between (Table 20). High levels of both NH4-N and K in Muguga soil (Table 1) may have 
contributed to the low Mg uptake by corn. This is in agreement to the results reported by 
Claassen and Wilcox, 1974. When potassium thiosulfate with urea and nitrapyrin were 
added to Armstrong Farm soil, leaf N, P, K, Ca and Mg concentrations were significantly 
decreased (Table 20), suggesting that potassium thiosulfate as both a source of K and a 
nitrification inhibitor is not suitable for use with urea. When KCl was used with urea and 
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nitrapyrin only leaf N, P, and K contents were depressed (Table 20). This may be 
attributed to dilution effect because yields were significantly increased by this particular 
treatment (Table 24). 
The effect of the different NH4:N03 application ratio on grain N content did not 
also have any specific pattern (Table 21). However, the 100% NH4:0% NO3 application 
ratio with K significantly reduced grain N content of corn grown at Kerugoya site during 
the dry season. This appears to be an isolated case as grain N content was significantly 
increased by the same treatment during the wet season at the same location (Table 21). 
Grain Yield 
Presented in Tables 22, 23 and 24 are com grain yields as affected by the 
different NH4:N03 application ratios and K at Kerugoya, Muguga and Armstrong sites 
respectively. All application ratios received nitrapyrin; a nitrification inhibitor. 
At the Kerugoya site, the NH4:N03 application ratio that produced the highest com 
grain yield that was significantly more than the yields produced by the other ratios was 
100%:0% without K addition (Table 22). This occurred during both seasons, thus showing 
that this ratio is the most appropriate for the area. When K was added yields were reduced, 
indicating a negative interaction effect on yields between applied NH4-N and K. The 
50%:50% NH4:N03 application ratio which has been shown to produce significant yield 
increases (Below and Gentry, 1987; Schrader et al., 1972; Bock, 1981; Cox and 
Reisenauer, 1973) did not do so at this site as expected. Two reasons may explain this 
observation and these are: (a) negative interaction effect on com yield between applied Na 
and NH4-N may have occurred and this may have reduced yields, (b) differences in 
positional availability of applied N may also have contributed to yield reduction, especially 
during the wet season due to leaching of NO3-N. The application ratio that produced the 
lowest yield was 75%:25% NH4:N03 ratio without K addition during the first season and 
25%:75% NH4:N03 ratio without K addition during the wet season (Table 22). Again 
negative interaction between Na and applied NH4-N is implicated for the reduction in 
yields as well as differences in positional availability of applied N especially during the wet 
season. 
At the Muguga site the application ratio that produced the highest dry matter yield 
during the first season was again 100%:0% NH4:N03 ratio with K addition. However, 
during the second and wet season, grain yields were obtained and the ratio that produced 
the highest yields was 0%:100% NH4:N03 with K addition (Table 23). The yields that 
were obtained at this site were not significantly different (Table 23). These results show 
that addition of N fertilizers to Muguga soil was not necessary. Either the soil contained 
enough N or another factor was more limiting than the soil N. The ratio that produced the 
lowest yield during the first season was 0%;100% with K added and during the second and 
wet season it was 25%: 75% without K added (Table 23). 
Table 16. Surface soil (0-30cm) K and pH at different stages of com development as influenced by NH4/NO3 application 
ratios and K at Kerugova site. Kenya 
Season 1 Season 2 
Ratio Vegetative Harvest Vegetative Harvest 
NH4/N0, Potassium K DH K DH K DH K DH 
percent kg K ha' mg kg' mg kg"' mg  kg '  mg kg ' 
100 /0  0 307 b 6.0 49 c 6.1 46 d 5.6 31 c 5.3 
n 50 572 a 5.7 106 abc 5.7 130 abc 5.4 114 ab 5.5 
75 /25  0 294 b 5.7 74 be 5.3 70 cd 5.1 59 c 5.7 
H 50 623 a 5.8 104 abc 5.6 121 abc 5.5 91 abc 5.6 
50 /50  0 332 b 5.6 67 be 5.6 63 cd 5.6 68 be 5.6 
I f  50 595 a 5.6 111 ab 5.3 135 abc 5.2 111 ab 5.4 
25 /75  0 332 b 5.8 76 be 5.7 83 bed 5.5 77 abc 5.4 
I I  50 595 a 5.7 I I I  ab 5.7 156 a 5.5 92 abc 6.0 
0 /100  0 230 b 5.0 69 be 5.1 38 d 5.0 64 be 5.7 
ft 50 598 a 5.1 139 a 5.6 144 ab 5.2 122 a 5.8 
N-Rate was 100 kg ha"' 
Values followed by the same letter(s) in any given column do not differ significantly at the 5 % level (LSD) 
Table 17. Surface soil (0-30cm) K and pH at different stages of com development as influenced by NH4 / NO3 
application ratios and K additions at the Muguga site. Kenya 
Treatment Season 1 (field 1) Season 2 (field 2) 
Ratio 
NH4/NO3 K 
Vegetative Harvest Silking Harvest 
K pH K pH K pH K pH 
percent kg ha ' mg kg ' mg kg ' mg kg ' mg kg ' 
100 /0  0 704 6.0 503 5.4 773 cde 6.4 521 ab 6.2 
I I  50 1210 5.7 610 5.4 1059 ab 6.1 622 a 6.2 
75 /25  0 767 6.0 503 6.1 626 e 5.7 513 ab 5.5 
I I  50 1590 5.7 610 6.0 974 be 6.4 591 a 6.1 
50 /50  0 704 5.6 518 5.4 696 de 6.2 528 ab 6.4 
I I  50 1210 5.4 717 5.1 920 bed 5.7 591 a 5.4 
25 /75  0 641 5.4 488 5.4 727 de 6.0 381 b 6.3 
I I  50 1274 5.8 625 5.9 1036 ab 6.0 583 a 6.2 
0/ 100 0 704 5.8 396 5.7 603 e 5.8 567 a 5.4 
I I  50 1084 5.6 717 5.4 1229 a 5.9 630 a 6.1 
N-Rate was 1(X) kg ha ' 
Values followed by the same letter(s) in any given column do not differ significantly at 5% level (LSD) 
Table 18. Leaf composition as influenced by NHVNOi ratios and K at Kerugova site, Kenya 
Potassium added, kg K ha"' 
Ratio 0 50 
NH,/NO, N P K Ca Mg N P K Ca ^ 
mg kg"' 
Sfiflsnn 1) 
100/0 1.52 a 0.14 abc 2.05 ab 0.57 c 0.30 abed 1.39 abc 0.14 abe 2.38 a 0.61 be 0.39 a 
75/25 1.51 ab 0.13 be 1.77 ab 0.58 c 0.37 ab 1.50 ab 0.13 abc 2.37 a 0.64 be 0.25 cde 
50/50 1.46 ab 0.13 abc 2.11 ab 0.90 a 0.31 abed 1.53 a 0.14 a 1.49 b 0.76 abc 0.34 abc 
25/75 1.34 abc 0.13 abc 2.56 a 0.68 be 0.28 bed 1.52 a 0.14 ab 2.33 a 0.80 ab 0.26 bede 
0/ 100 1.43 abc 0.15 a 1.73 ab 0.68 be 0.26 bede 1.58 a 0.14 abc 2.23 ab 0.64 be 0.34 abe 
•Spiunn 0  
100/0 2.89 a 0.14 ab 1.87 a 0.74 ab 0.40 ab 2.53 be 0.14 ab 1.96 a 0.80 ab 0.38 abc 
75/25 2.88 a 0.14 a 1.93 a 0.68 ab 0.37 abc 2.85 a 0.13 ab 1.99 a 0.67 b 0.28 bed 
50/50 2.81 ab 0.15 a 2.18 a 1.00 a 0.42 a 2.93 a 0.14 ab 1.74 a 0.80 ab 0.36 abc 
25/75 2.92 a 0.12 ab 1.70 a 0.80 ab 0.31 abed 2.83 ab 0.14 ab 1.99 a 0.84 ab 0.31 abed 
0/ 100 2.84 a 0.14a 1.67 a 0.82 ab 0.29 bed 2.95 a 0.14 ab 2.02 a 0.68 ab 0.39 abc 
N-rate was 100 kg ha"' 
Values followed by the same letter(s) in any given column do not differ significantly at 5% level (LSD) 
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Table 19. Element content in leaf material as influenced by 
NH4/NO3 application ratios and potassium at the Muguga site, 
Kenya (Season 2 field 2) 
Ratio 
NH./NO, N P K Ca Mg 
percent 
Nn potassium added 
100 /0  2.60 c 0.19 a 2.38 a 0.40 d 0.08 d 
75 /25  2.66 be 0.23 a 2.23 abc 0.63 ab 0.10 cd 
50 /50  2.93 a 0.22 a 2.31 ab 0.48 cd 0.10 be 
25 /75  2.87 ab 0.22 a 2.27 abc 0.47 cd 0.10 ab 
0 /100  2.84 abc 0.22 a 2.18 abc 0.45 cd 0.12 a 
50 kg K ha"' added 
100 /0  2.80 abc 0.23 a 2.01 c 0.62 ab 0.09 be 
75 /25  2.88 ab 0.17 a 2.26 abc 0.67 a 0.09 cd 
50 /50  2.73 abc 0.22 a 2.23 abc 0.56 abc 0.12 a 
25 /75  2.60 c 0.23 a 2.26 abc 0.50 bed 0.11 ab 
0 /100  2.78 abc 0.21 a 2.05 be 0.45 cd 0.10 be 
N-rate was 100 kg ha"' 
Values followed by the same letter(s) in any given column do 
not differ significantly at the 5% level (LSD) 
At the Armstrong Farm, the NH4:N03 application ratio that produced the highest 
com grain yield that were significantly more than the other grain yields produced by the 
other ratios was 0%: 100% with nitrapyrin but without K addition (Table 24). The ratio 
that produced the lowest yield was 100%:0% with nitrapyrin and K added as potassium 
thiosulfate (Table 24). It appears potassium thiosulfate does not work well with urea. Its 
Table 20. Effect of NH4/NO3 application ratios and potassium addition on com leaf composition at the Armstrong 
Farm. Iowa (1994) 
Ratio 
NH4/NO3 Potassium N P K Ca Mg 
percent kg K ha ' 
KCl 
100 /0  0 2.76 abcde 0.29 ab 1.69 ab 0.47 ab 0.18 a 
I I  50 2.70 abcde 0.27 ab 1.43 b 0.44 ab 0.17 a 
50 /50  0 3.05 ab 0.30 a 1.68 ab 0.42 b 0.17 a 
I I  50 3.04 ab 0.30 a 1.88 ab 0.44 ab 0.22 a 
0/ 100 0 3.14 a 0.20 ab 1.65 ab 0.52 ab 0.17 a 
1 1  50 2.99 abc 0.29 ab 1.65 ab 0.51 ab 0.18 a 
K2S2Q3 
100 /0  0 2.76 abcde 0.29 ab 1.69 ab 0.47 ab 0.18 a 
I I  50 2.56 cde 0.25 b 1.47 b 0.38 b 0.15 b 
50 /50  0 3.05 ab 0.30 a 1.68 ab 0.42 b 0.17 a 
I I  50 2.63 bcde 0.27 ab 1.56 ab 0.52 ab 0.22 a 
0/ 100 0 3 .14a  0.30 ab 1.65 ab 0.52 ab 0.17 a 
M  50 2.64 bcde 0.30 ab 1.72 ab 0.50 ab 0.17 a 
N-rate was 100 kg ha ' 
Values followed by the same letter(s) in any given column do not differ significantly at the 5 % level (LSD) 
Table 21. Nitrogen content in grain material as influenced by NH4/NO3 application ratios and K addition at 
the Kerugova and Muguga sites. Kenya 
Kerugoya Muguga 
Season 1 Season 2 Season 2 
Ratio Potassium, kg K ha ' Potassium, kg K ha"' Potassium, kg K ha ' 
NH4/NO, 0 50 0 50 0 50 
% % N 
100 /0  1.633 a 1 .166 f  1.383 ab 1.416 ab 1.666 ab 1.716a 
75 /25  1.366 de 1.417 cde 1.483 ab 1.350 b 1.700 a 1.583 ab 
50 /50  1.483 bed 1.667 a 1.633 a 1.433 ab 1.533 b 1.600 ab 
25 /75  1.600 ab 1.550 abc 1.483 ab 1.383 ab 1.583 ab 1.533 b 
0/ 100 1.400 de 1.567 ab 1.366 ab 1.550 ab 1.633 ab 1.533 b 
N-rate was 100 Kg ha"' 
Values followed by the same letter(s) in any given column do not differ significantly at the 5% level (LSD) 
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Table 22. Effect of different ammonium/nitrate application ratios and potassium 
addition on com grain yield at the Kerugova site. Kenya 
Ratio of Season 1 Season 2 
NH4 and NO3 Potassium, kg K ha' Potassium, kg K ha' 
(100 kg N ha ') 0 50 0 50 
Mg ha"' 
100 /0  2.52 a 2 .19ab  8.99 a 7.28 be 
75 /25  2.05 ab 2.29 ab 7.51 be 8.33 ab 
50 /50  2.09 ab 2.38 ab 7.86 ab 7.91 ab 
25 /75  2.50 a 2.50 a 6.52 c 8.42 ab 
0/ 100 2.25 ab 2.14 ab 7.49 be 7.11 be 
Values followed by the same letter(s) in any given row or column in a season do not 
differ significantly at the 5 % level (LSD) 
Table 23. Effect of different ammonium/nitrate ratios and potassium addition on dry 
matter (DM) and grain yields at the Muguga site, Kenya 
Ratio of Season 1 - DM Season 2 - grain 
NH4 and NO3 Potassium, kg K ha-1 Potassium, kg K ha-1 
(100 kg N ha') 0  50  0  50  
Mg ha"' 
100 / 0 3.09 a 3.74 a 5.65 a 5.43 a 
75 / 25 3.22 a 3.16 a 6.39 a 5.39 a 
50 /  50  3 .06  a  3 .72  a  5 .30  a  5 .79  a  
25 / 75 2.93 a 3.46 a 5.37 a 5.98 a 
0/ 100 2.86 a 2.90 a 5.83 a 5.98 a 
Values followed by the same letter in any given row or column in a season do not differ 
significantly at the 5 % level (LSD) 
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Table 24. Effect of NH4 / NO3 application ratios and K addition on com grain yield and 
protein content at Armstrong Farm, Iowa (1994) 
Treatment 
Ratio of 
NH4 and NO3 
(100  kg  N  ha ' )  Potassium 
Grain 
Yield 
Protein 
content 
kg K ha ' Mg ha"' percent 
100 /0  0 10.5 abc 7.1 
100 /0  50(K2S203) 9.0 de 7.2 
100 /0  50(KC1) 10.5 abc 7.2 
50 /50  0 10.7 ab 7.2 
50 /50  50(K2S203) 10.3 abc 7.2 
50 /50  50(KC1) 10.7 ab 7.1 
0 /100  0 11 .3a  
0/ 100 50(K2S203) 10.7 ab 
0/ 100 50(KC1) 9.9 bed 
Values followed by the same letter(s) in the yield column are not significantly different 
ratio for a group of soils that have similar nature and content of organic matter and which 
produce significant yield response to added N. 
The main objective of this study was to obtain an NH4;N03 application ratio that will 
not only produce the highest corn grain yields, but also one that was to be universal to all the 
sites where significant com yield response occurred. The results show that each site requires 
a different ratio. This is because different soils have different inherent levels of NH4-N and 
NO3-N giving different initial NH4:N03 ratios before fertilizer addition. Also the nature and 
amount of soil organic matter is another factor that needs to be taken in account when looking 
for a universal NH4:N03 ratio. Nonetheless, it may be possible to obtain a universal NH4:N03 
dual role as a nitrification and urease inhibitor may be the reason why, as earlier pointed 
out, it does not work well with urea. 
Addition of K on the three soils appears to be generally not necessary. This may be 
because the soils already contained high or adequate levels of K at the start of the experiment 
(Table 1). Addition of K therefore may have raised soil K contents to a level that negatively 
affected com growth and yield. This is in agreement with results reported by Lueking et al., 
1983. These authors reported that K fertilization may be detrimental to com yields, especially 
at low soil N levels. Ebelhar et al., 1987 could not get corn yield response beyond 50 kg ha"' 
on a loamy sandy soil. 
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PART III: EFFECT OF VARIOUS AMMONIUM (NH4) N LEVELS WITH OR 
WITHOUT POTASSIUM (K)  ADDITION ON THE YIELD AND N AND K 
COMPOSITION OF FIELD GROWN CORN 
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INTRODUCTION 
With the use of nitrification inhibitors, it may be possible to fertilize crop plants 
with NH4-N and have it absorbed in the NH4 form. The use of NH4-N with inhibited 
nitrification; rather than fertilizer forms and conditions that result in N03-N being the 
main form for uptake by plant roots, could reduce N losses due to leaching and 
denitrification. The cationic nature of NH4"^ permits its absorption and retention by 
negatively charged soil colloidal material and therefore not leached. Also the NH4 form of 
N is not converted to gaseous forms by the process of denitrification and lost into the 
atmosphere. 
In many higher plants, however, com included, prolonged application of NH4 as a 
source of N and especially at high concentration, leads to serious physiological and 
morphological disorders resulting in chlorosis, restricted growth and reduced yields (Ajay 
etal., 1970; Blair etal., 1970; Dibb and Welch, 1976; Goyal and Huffaker, 1984). 
Even under field conditions NH4 toxicity may occur (Blackmer and Sanchez, 1988). It has 
been shown that when K is added at an equivalent rate as NH4-N, the toxic effect 
associated with NHj or NH4'^ ions is eliminated or at least controlled (Ajay et al., 1970; 
Dibb and Welch, 1976; Xu et al., 1992). Potassium enhances the activity of plant 
enzymes functioning in NH4 assimilation and thus prevents accumulation of toxic 
concentration of NHj in plant tissues (Blevins, 1985; Duke and Collins, 1985; Dibb and 
Thompson Jr., 1985). The response to increasing NH4-N concentration was shown to 
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depend on the level of K in the whole plant sample (Macleod, 1969). The objective of 
this study was to determine the effect of various levels of NH4-N plus a nitrification 
inhibitor with or without K addition on the yield and N and K contents of field grown 
com. The aim being to find an amount of NH4-N beyond which yields level off or are 
decreased, and also find out whether K addition can change this amount. 
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MATERIALS AND METHODS 
In both Iowa and Kenya the experimental design used was a factorial in which 
treatments were completely randomized in each block. Four blocks were used in the 
Kenya and Armstrong Farm experiments, whereas six blocks were used for the Bruner 
Farm trials. The factors used were NH4-N, K and nitrapyrin. The levels used in Kenya 
were 0, 25, 50, 75, 100 kg ha ' for the NH4-N and 0, 25, 50 kg ha"' for K. Urea was used 
as the source for NH4-N while KCl was the source of K. These experiments were 
conducted during the short rains season (October 1993 to January 1994.) and the long rains 
season (March to July) of 1994. Nitrapyrin was applied to all treatments. 
In Iowa the experiments were conducted at Bruner Farm in Boone County on the 
Clarion loam series soil and at Armstrong Farm in Pottawattamie county on a Marshall 
silty clay loam soil. Nutrient levels used at Bruner Farm were 0, 112, 224, 336 kg ha ' for 
NH4-N and 0 and 336 kg ha"' for K. Potassium hydroxide (KOH) was used as the source 
of K while anhydrous ammonia was the source of NH4-N. Nitrapyrin was applied to all 
treatments. This experiment was carried out in 1991 and 1992. Nutrient levels used at 
Armstrong Farm were 0, 50, 100 and 150 kg ha ' for NH4-N as urea, ammonium nitrate N 
as NH4NO3 and NO3-N as calcium nitrate. Potassium was not used in this experiment. 
Nitrapyrin levels were 0 and 5 L ha '. This experiment was conducted in 1994. Methods 
of fertilizer application, soil and plant samples collection schemes, weed control, 
harvesting systems and soil and plant samples preparation and analysis were performed in 
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the same way as is described in part 1. Grain analysis for protein contents was not done. 
Nitrogen content in grain from Kerugoya and Muguga was, however, determined. 
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RESULTS AND DISCUSSIONS 
Leaf N and K, and Grain N Contents 
Leaf N content did not increase with increasing levels of applied N at Kerugoya site 
during the first season. In fact at the rate of 50 kg N ha"' leaf N was significantly reduced 
(Table 25). This may be attributed to inadequate soil moisture and possibly differences in 
available moisture among treatment plots. During the second season, however, leaf N 
increased with increasing levels of applied N. Significant leaf N uptake increase, however, 
occurred between the 0 and 25 kg N ha"' rates. Subsequent increases were not significantly 
different (P=5%) and decreased with increasing levels of applied N (Table 25). This 
second season was one during which soil moisture was adequate. It, therefore, appears 
that soil moisture content does affect N uptake by com. This result is in agreement with 
previously reported results (Tisdale et al., 1985). At Muguga site leaf N slightly decreased 
with increasing levels of applied N (Table 26), thus indicating that addition of N was not 
needed. 
Leaf N content of com grown at the Bruner Farm, increased with increasing levels 
of applied N (Table 27). Significant leaf N increase occurred between the 0 and 112 kg N 
ha"' rates only. Subsequent increases decreased with increasing levels of applied N (Table 
27). On the Marshall soil series (Armstrong Farm soil) leaf N increased with increasing 
levels of applied N for all three sources of N used (Table 28). Nitrapyrin slightly 
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Table 25. Leaf nitrogen and potassium contents as influenced by different levels of 
N and K at the Kerugova site. Kenya 
Potassium applied, kg K ha 
Nitrogen 0 25 50 mean 
applied N K N K N K N K 
kg N ha'" 
Season 1 
0 1.43 2.52 1.38 2.51 1.78 2.84 1.53 a 2.62 a 
25 1.57 2.35 1.38 2.87 1.68 2.62 1.54 a 2.61 a 
50 1.36 2.48 1.43 2.89 1.40 2.39 1.39 b 2.59 a 
75 1.36 2.44 1.56 2.82 1.78 3.07 1.56 a 2.78 a 
100 1.35 2.65 1.33 2.82 1.76 2.28 1.48 a 2.58 a 
mean 1.41 b 2.49 a 1.41 b 2.78 a 1.68 a 2.64 a 
0 2.29 2.11 2.18 2.27 2.71 2.42 2.39 b 2.27 b 
25 2.46 1.94 2.45 2.69 2.41 2.40 2.44 a 2.34 b 
50 2.40 2.51 2.68 2.52 2.49 2.75 2.52 a 2.59 a 
75 2.53 2.39 2.58 2.63 2.63 2.34 2.58 a 2.45 a 
100 2.53 2.82 2.44 2.40 2.62 2.42 2.53 a 2.55 a 
mean 2.44 a 2.35 b 2.47 a 2.50 a 2.57 a 2.47 a 
Means with the same letter(s) do not differ significantly at the 5 % level (LSD) 
depressed leaf N except when the source of N was NH4NO3. At this site also, significant 
leaf N uptake increase occurred between 0 and the 50 kg N ha ' rates. Other increases 
tended to decrease with increasing levels of applied N (Table 28). 
Grain N content increased with increasing levels of applied N on Muguga soil 
(Table 30). On Kerugoya soil, during the first season, increasing levels of applied N 
slightly increased grain N content except for the 100 kg N ha ' rate which significantly 
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Table 26. Nitrogen (N) and potassium (K) com leaf contents as influenced by 
different levels of N and K at Muguga site, Kenya (Season 2 -field 2) 
Potassium applied, kg K ha-1 
N 0 25 50 means 
applied N K N K N K N K 
kg N ha"' 
0 2.83 2.58 2.92 2.24 2.92 2.62 2.89 a 2.48 a 
25 2.86 2.85 2.82 2.30 2.98 2.46 2.88 a 2.54 a 
50 2.88 2.56 2.87 2.13 2,75 2.73 2.83 a 2.47 a 
75 2.82 2.79 2.84 2.40 2.80 2.28 2.82 a 2.49 a 
100 2.97 3.07 2.81 2.28 2.62 2.34 2.80 a 2.56 a 
means 2.87 a 2.77 a 2.85 a 2.27 b 2.81 a 2.49 ab 
Means with the same letter(s) do not differ significantly at the 5 % level (LSD) 
reduced grain N (Table 29). During the second season, grain N was reduced at the 25 and 
50 kg N ha"' rates but increased at the 75 and 100 kg N ha"' rate. 
Potassium addition at the rate of 50 kg K ha"' increased leaf N on Kerugoya site 
soil. The increase was significant during the first season (dry season) (Tables 25). On 
Muguga soil K addition slightly reduced N uptake (Table 26). 
Leaf K content increased with increasing levels of added K on Kerugoya site and 
Bruner Farm soils but decreased with increasing levels of added K on Muguga site soil 
(Table 25, 26 and 27). Increasing levels of applied N had mixed effects on leaf K both 
on Kenya and Iowa soils (Tables 25 ,26, 27, and 28). Nitrapyrin reduced leaf K on 
Armstrong Farm soil when the source of N was urea but increased leaf K when the source 
was NH4NO3 or calcium nitrate (Table 28). This indicates a possible competition between 
NH4'^' and K^' ions for uptake sites on corn roots. 
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Table 27. Nitrogen (N) and potassium (K) leaf contents as influenced by various 
levels of N and K at Bruner Farm. Iowa (1991) 
Potassium, kg K ha' Potassium, kg K ha'' 
N applied 0 336 means 0 336 means 
kg N ha' %N %K 
0 2.13 2.32 2.22 b 0.84 0.96 0.90 a 
112 2.51 2.37 2.44 a 0.72 1.02 0.87 ab 
224 2.47 2.57 2.52 a 0.67 0.86 0.77 c 
336 2.55 2.46 2.50 a 0.71 0.87 0.79 be 
means 2.41 a 2.43 a 0.74 b 0.93 a 
Values followed by the same letter(s) in any given column do not differ significantly 
at the 5% level (LSD) 
Table 28. Leaf composition as influenced by different forms and levels of nitrogen 
and N-serve, a nitrification inhibitor, at the Armstrong Farm. Iowa (1994) 
Urea Ammoniuni nitrate Calcium nitrate 
N 
applied 
N-Serve N-Serve N-Serve 
- + mean - + mean - + mean 
kg ha ' percent 
Nitropen 
0 2.36 2.27 2.32 b 2.36 2.27 2.32 b 2.36 2.27 2.32 b 
50 2.74 2.97 2.86 a 2.67 2.81 2.74 a 3.12 2.89 3.01 a 
100 3.11 2.75 2.93 a 2.97 2.97 2.97 a 2.69 3.11 2.90 a 
150 3.09 2.56 2.83 a 2.73 2.83 2.78 a 2.97 2.76 2.86 a 
mean 2.83 a 2.64 a 2.69 a 2.72 a 
Potassium 
2.79 a 2.76 a 
0 1.73 1.84 1.78 a 1.73 1.84 1.79 a 1.73 1.84 1.79 a 
50 1.87 1.66 1.76 a 1.72 1.89 1.81 a 1.63 1.96 1.80 a 
100 1.86 1.69 1.76 a 1.53 1.64 1.59 a 1.61 1.71 1.66 a 
150 1.84 1.80 1.82 a 1.93 1.81 1.87 a 1.60 1.56 1.58 a 
mean 1.83 a 1.75 a 1.73 a 1.80 a 1.65 a 1.77 a 
Means with the same letter(s) do not differ significantly at the 5 % level (LSD) 
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Table 29, Nitrogen content in com grain as influenced by different levels of N and 
tx)tassium at the Kerugova site, Kenva 
Season 1 Season 2 
N Potassium, ke K ha"' Potassium, ke K ha"' 
applied 0 25 50 mean 0 25 50 mean 
kg N ha"' percent N 
0 1.33 1.33 1.57 1.41 a 1.20 1.23 1.47 1.30 a 
25 1.47 1.53 1.37 1.46 a 1.13 1.27 1.30 1.23 ab 
50 1.53 1.37 1.40 1.43 a 1.30 1.27 1.30 1.29 a 
75 1.67 1.37 1.33 1.46 a 1.67 1.33 1.33 1.44 a 
100 1.53 1.33 1.30 1.39 ab 1.30 1.37 1.33 1.33 a 
mean 1.51 a 1.39 ab 1.39 a 1.32 a 1.29 a 1.35 a 
Means with the same letter(s) do not differ significantly at the 5 % level (LSD) 
Table 30. Nitrogen content in corn grain as influenced by different 
levels of N and potassium at the Muguga site. Kenva (Season 2 - field 2) 
N Potassium, kg K ha"' 
mean applied 0 25 50 
kg N ha"' percent N 
0 1.52 1.57 1.48 1.52 ab 
25 1.75 1.62 1.72 1.69 a 
50 1.73 1.78 1.75 1.76 a 
75 1.68 1.73 1.77 1.73 a 
100 1.67 1.67 1.72 1.68 a 
mean 1.67 a 1.67 a 1.69 a 
Means with the same letter(s) do not differ significantly at 5 % level (LSD) 
Grain Yield 
Com grain yields on the Kerugoya site soil increased with increasing levels of NH4-
N applied. The yields did not level off at the two highest N rates utilized except when K 
was added at the rate of 25 kg K ha '. At this K rate yields leveled off at 50 kg N ha"' 
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(Figure 3 and Table 31). This generally shows that on Kerugoya site soil one needs higher 
N rates than the highest rate utilized to make yields level off or decrease. However, the 
yield increase between 75 and 100 kg N ha"' rates was less than that between 50 and 75 kg 
N ha"' rates. This shows that the yields were just beginning to level off at the highest N 
rate (Table 31, and Figure 3). On the Muguga site soil com yields did not increase with 
increasing levels of applied NH4-N (Table 32 and Figure 4), thus indicating that adding 
increasing amounts of NH4-N to Muguga soil is not necessary. 
On Clarion soil series (Bruner Farm) yields increased with increasing rates of NH4-
N both in 1991 and 1992 growing seasons (Tables 33 and Figure 5). In 1991 yields 
leveled off at the 112 kg N ha"' rate while in 1992 they leveled off at the 224 kg N ha"' rate 
(Figure 5). The 1991 yields are lower than those of 1992. This is because Bruner Farm 
received very low rainfall during the middle and last parts of the 1991 season (Table 3). 
Rainfall was extremely low during the crucial month of July and it is during this month 
that fertilizers were applied (fertilizers were applied on 7-2-1991). It is therefore possible 
that inadequate soil moisture played a part in lowering yields. Also low soil moisture may 
have affected fertilizer utilization by the crop resulting in further lowering of yields. The 
leveling off of com yields at the 224 kg N ha' rate in 1992 indicates that with adequate 
soil moisture, higher rates of fertilizer N may be needed to further increase yields. 
On the Marshall soil series (Armstrong Farm) corn yields increased with increasing 
rates of applied NH4-N and leveled off at the rate of 100 kg N ha"' (Table 34 and Figure 
Table 31. Effect of different levels of ammonium nitrogen (N) and potassium (K) on com grain yield at the 
Kerugova site. Kenya 
Season 1 Season 2 
Potassium, kg K ha"' Potassium, kg K ha' 
N-rates 0 25 50 mean 0 25 50 mean 
kg N ha ' Mg ha" 1 
0 0.94 1.79 2.16 1.63 b 4.5 4.36 5.45 4.77 c 
25 1.87 1.66 2.34 1.96 ab 5.97 6.24 5.18 5.80 be 
50 1.86 1.87 1.85 1.86 ab 5.67 7.95 5.99 6.54 b 
75 2.05 1.61 2.5 2.05 ab 7.25 8.07 8.19 7.84 a 
100 2.09 1.94 2.77 2.27 a 8.43 7.36 8.87 8.22 a 
mean 1.76 b 1.77 b 2.32 a 6.36 a 6.80 a 6.73 a 
Means with the same letter(s) are not significantly different at 5% level (LSD) 
Table 32. Effect of different levels of ammonium nitrogen (N) and potassium (K) 
on com dry matter (DM) and grain yield at the Muguga site, Kenya 
Potassium, kg K ha'' Potassium, kg K ha' 
N - rate 0 25 50 mean 0 25 50 mean 
kg N 
ha-' 
Mg ha"' 
Season 1 (dry matter) Season 2 ( grain ) 
0 2.75 2.98 3.21 2.98 a 5.56 5.75 6.25 5.85 a 
25 2.53 2.48 2.75 2.59 a 6.02 6.80 5.95 6.26 a 
50 2.70 3.58 2.73 3.00 a 5.92 5.70 5.38 5.67 a 
75 3.54 2.98 2.56 3.03 a 6.47 5.74 5.91 6.04 a 
100 2.83 2.86 3.30 3.00 a 6.25 5.44 5.98 5.89 a 
mean 2.87 a 2.98 a 2.91 a 6.04 a 5.88 a 5.89 a 
Means with the same letter are not significantly different at 5% level (LSD) 
Table 33. Effect of different levels of ammonium nitrogen and potassium on com grain 
yield (tons/ha) at Bruner farm, Iowa 
N-rates 
1991 1992 
Potassium, kg K ha' 
0 336 
Potassium, kg K ha' 
mean 0 336 mean 
mean 
Nha"' Mg ha' 
0 5.47 5.70 5.58 b 7.65 8.62 8.13 b 
112 6.05 6.59 6.32 a 8.28 8.98 8.63 b 
224 6.21 5.97 6.09 ab 8.92 9.47 9.19 a 
336 5.93 6.08 6.00 ab 8.94 9.42 9.18 a 
5.92 a 6.08 a 8.45 b 9.12 a 
Means with the same letter are not significantly different at 5 % level (LSD) 
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Table 33. Effect of different sources and rates of nitrogen and N-serve (a 
nitrification inhibitor) on com grain yield at the Armstrong Farm Iowa (1994) 
Urea Anunonium nitrate Calcium nitrate 
N 
applied 
N-serve N-serve 
mean 
N-serve 
- + mean - -1- - + mean 
kg N ha ' Mg ha"' 
0 8.7 9.3 9.0 b 8.7 9.3 9.1 b 8.7 9.3 9.0 b 
50 9.9 9.8 9.8 ab 9.6 9.8 9.7 ab 10.5 10.9 10.7 a 
100 10.5 10.5 10.5 a 10.9 10.5 10.7 a 9.8 11.3 10.6 a 
150 10.9 10.4 10.7 a 11.2 11.3 1 1 . 2 a  10.9 10.8 10.9 a 
mean 10.0 10.0 10.1 10.2 10.0 a 10.6 a 
Values followed by the same letter(s) in any given column or row do not differ significantly at 
the 5 % level (LSD) 
6). Similar results were obtained when N was applied as NH4 or calcium nitrate (Figure 6). 
Nitrapyrin addition did not significantly increase corn yields (Table 34). 
Potassium addition increased (P=5%) yields during the first season at Kerugoya 
site and during the second season (1992) at the Bruner Farm Iowa. Its addition, however, 
did not change the rate of applied NH4-N at which yields leveled off or beyond which 
yields decreased (Tables 31, 33 or Figures 3 and 5). 
Kerugoya site soil contains lower levels of organic matter and inherent inorganic N 
than Muguga site, Bruner Farm and Armstrong Farm soils (Table 1). It appears, 
therefore, that the N rate at which yields level off or beyond which yields decrease depends 
on the initial level of inorganic and organic matter contents of the soil. The lower the 
levels of inherent inorganic N and organic matter the higher the rate of applied NH4-N at 
which yields level off or beyond which yields decrease. 
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In Figure 7 is presented com yields obtained from Kerugoya site in Kenya during 
the wet season (March to July 1994) and Armstrong Farm in Iowa in 1994. As shown in 
the figure, com yields obtained in Kenya are generally lower than those obtained in Iowa, 
even when soil moisture is adequate. However, with addition of N fertilizers, the yield 
gap or difference is reduced. This shows that, irrespective of cultivor difference of com 
grown, increasing the level of Kerugoya site soil nitrogen by supplying adequate amount of 
N fertilizers is very necessary to narrow or even eliminate the yield gap between Kerugoya 
in Kenya and Armstrong Farm Iowa. 
Figure 3. Corn grain yield as affeted by and related to rates of nitrogen 
and potassium at Kerugoya site, Kenya 
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and potassium at Muguga site, Kenya 
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and potassium at Bruner Farm, Iowa 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were: (a) to determine whether or not NH4-N at 100 kg 
ha"' is toxic to com growth and if it is, whether or not K addition can reduce NH4 toxicity. 
Thus the effect of NH4 and NO3 forms of N with or without K addition on the grain yields 
and nutrient elements (N, P, K, Ca, and Mg) contents of field grown com. 
(b) to evaluate the ratio combinations with or without K addition on grain yields and 
nutrient leaf elements (N, P, K, Ca and Mg) concentrations of field grown com. (c) to 
evaluate the effect of various levels of NH4-N with or without K addition on the yields and 
nutrient leaf elements (N and K) contents of field grown com. 
The results of the study are as follows: (i) The use of NH4 form of N and nitrapyrin 
resulted in retaining applied N within the 0-30cm soil depth at harvesting time, indicating 
that nitrapyrin may have delayed nitrification. Both NH4 and NO3 forms of N increased 
leaf N content. Addition of K as KCl reduced leaf N and P contents of com grown on 
Kerugoya soil but not on Muguga or Armstrong Farm soils. Addition of both NH4-N and 
K reduced leaf Ca and Mg contents of com grown on Muguga and Armstrong Farm soils 
but increased Ca and Mg leaf contents of com grown on Kerugoya soil. Addition of K as 
K2S2O3 reduced leaf N, P, K, Ca and Mg contents of com grown on Armstrong Farm soil 
when NH4-N as urea with nitrapyrin were used, indicating that this source of K is not 
appropriate for use with urea. The growth and yield of com were not negatively affected 
by NH4or NO3 forms of N. In both Iowa and Kenya com grown with NH4-N generally 
produced higher grain yield than that grown with NO3-N. Potassium addition as KCL, 
generally reduced com grain yields on Kenyan soils, but increased yields on Armstrong 
Farm soil, thus indicating the need to add K in the fertilizer to Armstrong Farm soil, (ii) 
High to low soil NH4:N03 ratios were obtained from Kenyan soils especially during the 
dry season. There was no specific NH4:N03 combination ratio that was applicable to all 
the four soils used that resulted in maximum com yield. Kemgoya soil required 100% : 
0% NH4:N03 application ratio for highest yield. Muguga soil needed 100% : 0% ratio 
for the highest dry matter yield and 0% ; 100% ratio for highest grain yield. Armstrong 
Farm soil required 0% : 100% ratio for maximum grain yield. Potassium addition as KCl 
generally reduced yields of com grown on Kenyan soils but increased yields of com grown 
on Iowa soils. When urea was used with nitrapyrin and K added as K2S2O3 on Armstrong 
Farm soil, yields and leaf N, P, K, Ca, and Mg contents were significantly reduced; but 
when NH4NO3 or Ca(N03)2 was used with nitrapyrin and K added as K2S2O3, yields and 
leaf N, P, K, Ca and Mg were not reduced, indicating that it is not an appropriate source 
of K when urea is used as the source of N. As a nitrification inhibitor, K^SjOj appears not 
to work well with urea because of its inhibition effect on the enzyme urease, (iii) 
Generally leaf N content increased with increasing levels of applied NH4-N except on 
Muguga soil where leaf N slightly decreased with increasing levels of applied NH4-N. 
Muguga site soil contained either enough N or other factor(s) which decreased N uptake. 
Grain N content of com grown on the Kenyan soils increased with increasing levels of 
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applied N. Similar results to those of applied N on leaf and grain N contents were 
obtained when K was added. 
Leaf K content also increased with increasing levels of applied K on all soils except 
on Muguga site soil where the content slightly decreased with increasing levels of applied 
K. This was expected as Muguga site soil contains high levels of K. 
Com grain yields generally increased with increasing levels of applied NH4-N on 
Kerugoya and the Iowa soils. The yields began to level off at the rate of 100 kg ha"' on the 
Iowa soils. On Kerugoya site soils the yields did not plateau at the highest rate of 100 kg 
ha"' used. They were just beginning to level off at that rate of 100 kg ha ', indicating 
that Kerugoya site soils needed more fertilizer N. Grain yields did not increase with 
increasing levels of applied NH4-N on Muguga site soil, showing that Muguga soil did 
not need addition of fertilizer N or another factor was more limiting than soil N. 
Increasing levels of applied K significantly increased grain yields during the first 
season on Kerugoya soil and during the second (1992) season on Bruner farm soil. Its 
addition did not change the level of applied NH4-N at which yields began to level off. 
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Table 35. ANOVA summary table for soil analysis data from Kenya 
Source 
Vegetative Silking Harvest 
df NH. NO, K NH. NO, K NH. NO, K 
P>F 
Rep 1 0.7430 0.9940 0.4160 0.3200 0.3800 
Treat 11 0.0000 0.0001 0.0000 0.0000 0.0001 
0.0740 0.1150 0.8970 
0.0000 0.0001 0.1580 
Rep 1 0.5060 0.6290 0.1280 
Treat 11 0.0980 0.1540 0.0340 
Rep 1 -
Treat 11 ^ -
0.1750 0.7520 
0.1350 0.0030 
Miigiiga QitP! - cftagnn 7 
0.3460 0.2260 0.0080 
0.5400 0.1100 0.0010 
0.2020 0.6860 0.3400 
0.6970 0.0020 0.0130 
0.2600 0.3230 0.0200 
0.0520 0.0240 0.1440 
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Table 36. ANOVA summary table for dry matter yield (DM) grain yield (GY), leaf 
and grain element contents of the nitrogen forms, ammonium/nitrate ratios and 
potassium addition experiment in Kenya 
Source GY %N %P %K %Ca % Mg GY (%N) 
Rep 
Treat 
Rep 
Treat 
Rep 
Treat 
Rep 
Treat 
3 
11 
3 
1 1  
2 
1 1  
3 
1 1  
0.015 
0.528 
0.597 
0.000 
Muguea 
season 1 
DM 
0.686 
0.536 
P>F 
Kerugova site- season 1 
0.017 0.001 0.001 0.809 0.034 0.217 
0.095 0.314 0.389 0.092 0.022 0.000 
Kwnignya •tite.- spjicnn 7 
0.106 0.002 0.005 0.345 0.974 0.310 
0.004 0.576 0.981 0.588 0.083 0.402 
Muguga season 2 
GY 
0.183 
0.794 
%N %P %K %Ca 
0.039 
0.194 
0.409 
0.937 
0.043 
0.038 
0.097 
0.019 
% Mg 
0.788 
0.007 
116 
Table 37. ANOVA summary table for grain yield (GY) and leaf element content of the 
experiments done at Armstrong Farm, Iowa (1994) 
Source df GY % N % P %K % Ca % Mg 
P > F 
Nitrngftn forme, NH^/TJOj ratios arui K flflfUfinn nn c.nm grnwth 
Rep 3 0.3478 0.8590 0.5834 0.5594 0.6675 0.0356 
Treat 15 0.0067 0.0352 0.3976 0.7089 0.2335 0.7025 
TVift rfifFarftnt sniirrfts anH raffts of N and N-sarvft nn (^nm grnwth shiHy 
Urea NH,NO, 
Source df GY % N % K GY % N %K 
Rep. 3 0.3860 0.3433 0.0280 0.4662 0.5462 0.0501 
N 3 0.0032 0.0016 0.9894 0.0027 0.0045 0.4090 
N-S 1 0.9951 0.0695 0.5344 0.6687 0.7273 0.5922 
N*N-S 3 0.6782 0.0669 
Ca(NO,), 
0.8101 0.2966 0.8665 0.8292 
Rep. 3 0.6875 0.3456 0.2121 
N 3 0.0019 0.0008 0.6015 
N-S 1 0.4700 0.7667 0.3513 
N*N-S 3 0.4470 0.1038 0.7946 
N-S = N-serve or a nitrification inhibitor 
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Table 38. ANOVA summary table for grain yield (GY) and leaf and grain N and K 
contents of the defferent levels of ammonium nitrogen and potassium addition 
experiment in Kenya 
Source df GY N K GN GY N K GN 
P>F 
Kftnigoyn tcatnn 1 Kfinignya cMicnn 7 
Rep 3 0.0060 0.5540 0.8410 0.1410 0.0360 0.0320 0.0150 0.3440 
N 4 0.3260 0.5540 0.9350 0.3020 0.0000 0.5260 0.5930 0.0000 
K 2 0.0340 0.7230 0.2770 0.0000 0.5140 0.3500 0.7040 0.0460 
N*K 8 0.6790 0.0170 0.7660 0.0000 0.1240 0.4680 0.5780 0.0000 
Miioiign cMcnn 1 
DM GY 
Miigiiga 7. 
% N % K GY 
(%N) 
Rep 3 0.4746 0.0598 0.1112 0.2392 0.5584 
N 4 0.2079 0.5686 0.9335 0.8720 0.0001 
K 2 0.8122 0.8157 0.8240 0.0055 0.6609 
N*K 8 0.0365 0.5392 0.8773 0.9794 0.0568 
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Table 39. ANOVA summary table for the defferent levels of ammonium nitrogen 
and potassium addition experiment at Kerugoya, Kenya 
Season 1 Season 2 
Grain Grain 
Source df GY N K N GY%N%K N 
P>F 
Rep 3 0.006 0.554 0.841 0.141 0.036 0.032 0.015 0.344 
N 4 0.326 0.554 0.935 0.302 0.000 0.526 0.593 0.000 
K 2 0.034 0.723 0.277 0.000 0.514 0.350 0.704 0.046 
N*K 8 0.679 0.017 0.766 0.000 0.124 0.468 0.578 0.000 
Table 40. ANOVA summary table for the different levels of ammonium nitrogen and potassium addition 
experiment at Muguga, Kenya 
Season 1 Season 2 
Source df DM GY % N % K GY(%N) 
P>F 
Rep 3 0.4746 0.0598 0.1112 0.2392 0.5584 
N 4 0.2079 0.5686 0.9335 0.8720 0.0001 
K 2 0.8122 0.8157 0.8240 0.0055 0.6609 
N»K 8 0.0365 0.5392 0.8773 0.9794 0.0568 
Table 40. continued 
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Equation 
Variable 
b„ b. P > F 
Miiini0!i ^pjicnn t 
yield x N-rate -205.0 87.3362X 0.17 0.494 
MuOTioa "SPJKinn 7 
yield x N-rate 156.17 -17.8681X 0.01 0.873 
% N in leaf x N-rate 2.48 0.000464X 0.22 0.424 
% N in leaf x K-rate 2.87 -0.00116X 0.97 0.113 
% N in grain x N-rate 1.61 0.001428X 0.39 0.263 
% N in grain x K-rate 1.67 0.00032X 0.88 0.220 
% K in leaf x N-rate 2.89 -0.00096X 0.94 0.007 
% K in leaf x K-rate 2.65 -0.00572X 0.32 0.616 
Amnctrnno Fnrm (1994) 
Yield (urea) x N-rate 9.1 0.0114X 0.93 0.037 
% N in leaf x N-rate 2.49 0.003194X 0.54 0.265 
% K in leaf x N-rate 1.77 0.000228X 0.35 0.411 
Yield (NH.NOj) x N-rate 9.0 0.0155X 0.99 0.005 
N in leaf x N-rate 2.46 0.003256X 0.58 0.239 
% K in leaf x N-rate 1.76 0.000052X 0.00 0.973 
Yield (Ca(N03)2) x N-rate 9.4 0.0112X 0.68 0.173 
% N in leaf x N-rate 2.54 0.003058X 0.41 0.362 
% K in leaf x N-rate 1.82 -0.00149X 0.88 0.062 
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Table 40. continued 
Equation 
Variable b„ b, R' P > F 
Rnin«r Farm 1 (1<591) 
Yield X N-rate 5.8 0.00092X 0.18 0.570 
% N in leaf x N-rate 2.28 0.000823X 0.76 0.127 
% K in leaf x N-rate 0.90 -0.00038X 0.79 0.110 
Rninftr Farm nQQ?'* 
Yield X N-rale 8.2 0.003313X 0.89 0.056 
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APPENDIX B 
RAW DATA 
Table 41. Surface (0-30) soil analysis data from Kerueova. Kenya (Season 1) 
Treatment Vesetative Silking Harvest 
NH4/NO Potassiu 
3 m NH, NO, K DH NH. NO, NH. NO, K oH 
kg K ha nig Kg Illg Kg — mg Kg 
0/0 0 4.5 7.8 294 5.6 3.9 1.3 3.5 3.8 64 5.6 
0/0 50 6.2 4.5 647 5.5 3.7 4.5 3.4 1.7 112 5.9 
100/0 0 26.1 7.4 307 5.8 65.0 3.5 22.6 11.2 49 6.1 
100/0 50 29.0 11.5 573 5.6 47.3 3.3 20.9 4.2 107 5.7 
75/25 0 18.1 13.4 294 5.7 46.7 21.5 13.0 12.6 74 5.3 
75/25 50 15.6 11.7 624 5.8 32.3 19.3 10.8 6.5 104 5.6 
50/50 0 15.6 30.5 332 5.6 30.7 29.2 6.2 9.9 68 5.6 
50/50 50 17.2 12.8 596 5.6 34.9 43.8 8.3 4.2 112 5.3 
25/75 0 13.0 3L0 332 5.8 33.7 53.3 4.7 6.9 77 5.7 
25/75 50 14.4 25.5 596 5.7 25.8 23.1 8.0 13.2 112 5.7 
0/100 0 3.9 24,5 231 5.6 3.9 62.8 3.1 12.6 69 5.1 
0/100 50 3.4 15.2 598 5.6 8.0 25.7 7.9 8.1 139 5.6 
Maximum 29.0 31.0 647 5.8 65.0 62.8 22.6 13.2 139 6.1 
Minimum 3.4 4.5 231 5.5 3.7 1.3 3.1 1.7 49 5.1 
Average 13.9 16.3 452 5.7 28.0 24.3 9.4 7.9 90 5.6 
Standard deviation 8.37 9.19 163.3 0.10 19.89 20.35 6.54 3.96 27.0 0.27 
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Table 42. Surface (0-30') soil data analysis from Kerugova. Kenya (Season 2) 
Treatment Vegetative Silking Harvest 
number NH. NO, K pH NH . NO, NH. NO, K pH 
— mg kg"' — mg kg"' - — mg kg"' — 
1 2.0 4.0 78 5.5 1.9 3.5 1.4 3.5 59 5.8 
2 1.4 3.3 132 5.3 1.5 1.8 1.2 2.8 97 5.7 
3 11.8 6.5 47 5.6 2.3 18.6 1.8 4.9 58 5.8 
4 28.2 9.8 130 5.4 3.7 7.6 1.6 2.8 114 5.5 
5 9.1 7.4 70 5.1 4.7 17.7 1.8 2.8 60 5.7 
6 2.6 5.8 121 5.5 2.7 8.1 2.5 4.7 91 5.6 
7 4.8 8.6 64 5.6 3.6 12.3 2.2 3.8 69 5.6 
8 6.8 8.6 135 5.2 2.9 7.4 2.1 3.9 112 5.4 
9 2.0 8.9 84 5.5 1.6 4.5 2.5 3.8 77 5.4 
10 2.6 14.1 157 5.5 6.2 2.8 1.5 3.7 93 6.0 
11 1.5 14.5 38 5.5 2.1 3.4 2.1 6.7 65 5.2 
12 3.2 19.7 144 5.2 3.2 6.8 0.8 2.3 122 5.8 
Maximum 
Minimum 
Average 
Standard 
deviation 
28.2 
1.4 
6.3 
7.62 
19.7 
3.3 
9.3 
4.74 
157 
38 
100 
40.9 
5.6 
5.1 
5.4 
0.17 
6.2 
1.5 
3.0 
1.39 
18.6 
1.8 
7.9 
5.61 
2.5 
0.8 
1.8 
0.51 
6.7 
2.3 
3.8 
1.18 
122 
58 
85 
23.3 
6.0 
5.2 
5.6 
0.22 
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Table 43. Surface (0-30) soil data analysis from Muguga, Kenya 
Vegetative Harvest 
Treatment number 
NH, NO, K PH NH. DH NO, K 
- mg kg '- — mg kg'-
fiivtcnn 1 
1 10.1 6.1 894 6.0 10.6 4.2 458 5.8 
2 11.8 7.0 1211 5.8 23.2 7.3 534 5.6 
3 18.8 5.8 704 6.0 11.8 23.0 503 5.4 
4 20.4 9.3 1211 5.9 21.8 36.4 610 5.4 
5 18.4 13.8 768 5.7 30.2 38.6 503 5.3 
6 24.2 18.1 1591 5.8 24.1 32.8 610 5.6 
7 14.3 14.0 704 5.6 15.1 10.4 519 5.6 
8 19.2 19.8 1211 5.6 14.6 17.9 718 5.3 
9 14.4 20.3 641 5.8 12.3 33.9 488 5.7 
10 11.6 10.5 1274 5.7 21.8 36.4 626 5.7 
11 12.3 24.3 704 5.0 12.6 21.6 396 5.1 
12 11.5 11.4 1084 5.1 7.8 8.7 718 5.4 
Maximum 24.2 24.3 1591 6.0 30.2 38.6 718 5.8 
Minimum 10.1 5.8 641 5.0 7.8 4.2 396 5.1 
Average 16.2 14.2 1045 5.7 18.2 23.8 569 5.5 
Standard deviation 4.46 6.11 304.6 0.32 6.83 12.82 100.1 0.21 
Senson 7. 
Silking Harvest 
1 0.8 3.4 696 5.7 2.8 3.2 521 5.9 
2 1.1 4.2 905 5.9 4.4 3.5 529 6.2 
3 1.0 17.1 773 6.5 1.7 13.1 521 6.2 
4 1.0 20.4 1060 6.2 6.6 10.5 623 6.2 
5 0.9 10.6 626 5.7 4.3 12.0 513 5.5 
6 0.6 7.5 974 6.4 4.1 5.2 592 6.1 
7 1.4 12.3 696 6.2 2.9 5.2 529 6.4 
8 1.7 16.7 920 5.7 4.9 31.3 592 5.4 
9 1.6 17.4 727 6.0 3.2 9.5 381 6.3 
10 1.2 10.3 1036 6.0 3.4 6.4 584 6.2 
11 0.7 4.4 603 6.3 4.0 4.5 568 6.4 
12 0.7 10.8 1229 5.8 2.0 5.7 631 6.1 
Maximum 1.7 20.4 1229 6.5 6.6 31.3 631 6.4 
Minimum 0.6 3.4 603 5.7 1.7 3.2 381 5.4 
Average 1.1 11.3 854 6.0 3.7 9.2 548 6.1 
Standard deviation 0.37 5.71 196.6 0.28 1.32 7.72 66.8 0.32 
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Table 44. Grain yield, leaf and grain analysis data from Kerugova, Kenya 
Treat, it Grain vield N P K Ca Me Grain N 
Mgha' percent 
Season 1 
1 1.4 1.24 0.12 1.87 0.62 0.17 1.40 
2 1.4 1.17 0.12 2.08 0.68 0.23 1.32 
3 2.5 1.52 0.14 2.05 0.57 0.30 1.63 
4 2.2 1.39 0.14 2.38 0.61 0.39 1.17 
5 2.1 1.51 0.13 1.77 0.58 0.37 1.37 
6 2.3 1.50 0.13 2.32 0.64 0.25 1.42 
7 2.1 1.46 0.13 2.11 0.90 0.31 1.48 
8 2.4 1.53 0.14 1.49 0.76 0.34 1.67 
9 2.5 1.34 0.13 2.26 0.68 0.28 1.61 
10 2.5 1.52 0.14 2.33 0.80 0.26 1.55 
11 2.3 1.43 0.15 1.73 0.68 0.26 1.40 
12 2.2 1.58 0.14 2.23 0.64 0.34 1.57 
Maximum 2.5 1.58 0.15 2.38 0.90 0.39 1.67 
Minimum 1.4 1.17 0.12 1.49 0.57 0.17 1.17 
Average 2.2 1.43 0.13 2.05 0.68 0.29 1.47 
Standard deviation 0.4 0.13 0.01 0.28 0.10 0.06 0.15 
Swicnn 
1 3.5 2.68 0.14 1.89 0.71 0.23 1.33 
2 3.8 2.31 0.11 2.01 0.88 0.28 1.33 
3 9.0 2.89 0.14 1.87 0.74 0.40 1.38 
4 7.3 2.53 0.14 1.96 0.80 0.38 1.42 
5 7.5 2.88 0.14 1.93 0.68 0.37 1.48 
6 8.3 2.85 0.13 1.99 0.67 0.28 1.35 
7 7.9 2.81 0.15 2.18 1.00 0.42 1.63 
8 7.9 2.93 0.14 1.74 0.79 0.37 1.43 
9 6.5 2.92 0.12 1.70 0.80 0.31 1.48 
10 8.4 2.83 0.14 1.99 0.84 0.31 1.38 
11 7.5 2.84 0.14 1.67 0.82 0.29 1.37 
12 7.1 2.95 0.14 2.02 0.68 0.39 1.55 
Maximum 9.0 2.95 0.15 2.18 1.00 0.42 1.63 
Minimum 3.5 2.31 0.11 1.67 0.67 0.23 1.33 
Average 7.1 2.78 0.14 1.91 0.79 0.34 1.43 
Standard deviation 1.7 0.19 0.01 0.15 0.10 0.06 0.09 
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Table 45. Dry matter, grain yield and leaf and grain analysis data from Muguga, Kenya 
Dry Grain Leaf composition 
Treat, it matter yield N P K Ca Mg Grain N 
Mg ha"' percent 
1 2.9 5.9 2.67 0.22 2.12 0.45 0.09 1.68 
2 3.5 5.2 2.76 0.23 2.16 0.58 0.10 1.65 
3 3.1 5.7 2.60 0.19 2.38 0.41 0.08 1.67 
4 3.7 5.4 2.80 0.23 2.01 0.62 0.09 1.72 
5 3.2 6.4 2.66 0.24 2.29 0.63 0.09 1.70 
6 3.2 5.4 2.88 0.23 2.26 0.67 0.09 1.58 
7 3.1 5.3 2.93 0.22 2.31 0.48 0.10 1.53 
8 3.7 5.8 2.69 0.23 2.23 0.56 0.12 1.60 
9 2,9 5.4 2.97 0.22 2.27 0.48 0.11 1.58 
10 3.5 6.0 2.60 0.23 2.26 0.50 0.11 1.53 
11 2.9 5.8 2.84 0.22 2.18 0.45 0.12 1.63 
12 2.9 6.0 2.78 0.21 2.05 0.45 0.10 1.53 
Maximum 3.7 6.4 2.97 0.24 2.38 0.67 0.12 1.72 
Minimum 2.9 5.2 2.60 0.19 2.01 0.41 0.08 1.53 
Average 3.2 5.7 2.76 0.22 2.21 0.52 0.10 1.62 
Standard deviation 0.31 0.36 0.123 0.012 0.108 0.087 0.013 0.068 
Table 46. Grain yield and leaf analysis data of com from the Armstrong Farm. Iowa 
Treatment N source N K applied Grain 
number NH. NO, applied KCl K,S,0, N-serve yield N P K Ca Mg 
— percent — kg ha"' • Mg ha"' 
1 0 0 0 0 0 - 8.7 2.36 0.26 1.73 0.43 0.17 
2 0 0 0 0 0 + 9.5 2.40 0.25 1.94 0.47 0.14 
3 0 0 0 0 50 + 10.4 3.05 0.30 1.71 0.57 0.17 
4 0 0 0 50 0 + 10.1 2.69 0.27 1.50 0.49 0.22 
5 100 0 100 0 0 - 10.5 2.78 0.29 1.65 0.41 0.15 
6 ICQ 0 100 0 0 + 8.9 2.76 0.29 1.69 0.47 0.18 
7 100 0 100 0 50 + 10.5 2.70 0.27 1.43 0.44 0.17 
8 100 0 100 50 0 + 9.5 2.56 0.25 1.47 0.38 0.15 
9 0 100 100 0 0 
-
9.8 2.69 0.29 1.48 0.57 0.15 
10 0 100 100 0 0 + 11.3 3.14 0.30 1.65 0.52 0.17 
11 0 100 100 0 50 + 10.1 2.99 0.29 1.65 0.51 0.18 
12 0 100 100 50 0 + 10.6 2.64 0.30 1.72 0.50 0.17 
13 50 50 100 0 0 - 10.6 2.85 0.30 1.57 0.39 0.14 
14 50 50 100 0 0 + 10.4 3.05 0.30 1.68 0.42 0.17 
15 50 50 100 0 50 + 10.7 3.04 0.30 1.88 0.44 0.22 
16 50 50 100 50 0 + 10.3 2.63 0.27 1.56 0.52 0.22 
Maximum 11.3 3.14 0.30 1.94 0.57 0.22 
Minimum 8.7 2.36 0.25 1.43 0.38 0.14 
Average 10.1 2.77 0.28 1.64 0.47 0.17 
Standard deviation 0.68 0.235 0.019 0.142 0.059 0.027 
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Table 47. Grain yield and leaf and grain analysis data from Kerueova, Kenya 
Leaf composition 
Treat. K 
N-rate K-rate Grain yield N K Grain N 
kg N ha-1 kg K ha-1 Mg ha-1 percent 
Sea.snn 1 
1 0 0 0.9 1.43 2.52 1.33 
2 25 0 1.9 1.57 2.35 1.47 
3 50 0 1.9 1.36 2.48 1.53 
4 75 0 2.0 1.36 2.44 1.67 
5 100 0 2.1 1.35 2.65 1.53 
6 0 25 1.8 1.38 2.59 1.33 
7 25 25 1.7 1.38 2.87 1.53 
8 50 25 1.9 1.43 2.89 1.37 
9 75 25 1.6 1.56 2.82 1.37 
10 100 25 1.9 1.33 2.82 1.33 
11 0 50 2.2 1.78 2.84 1.57 
12 25 50 2.3 1.68 2.62 1.37 
13 50 50 1.9 1.40 2.39 1.40 
14 75 50 2.5 1.78 3.06 1.33 
15 100 50 ? 8 1.76 9.78 1 10 
Maximum 2.8 1.78 3.06 1.67 
Minimum 0.9 1.33 2.28 1.30 
Average 2.0 1.50 2.64 1.43 
Standard deviation 0.427 0.170 0.232 0.113 
SftHsnn 0. 
1 0 0 4.5 2.29 2.11 1.20 
2 25 0 6.0 2.46 1.94 1.13 
3 50 0 5.7 2.40 2.57 1.30 
4 75 0 7.3 2.53 2.39 1.67 
5 100 0 8.4 2.53 2.82 1.30 
6 0 25 4.4 2.18 2.27 1.23 
7 25 25 6.2 2.45 2.69 1.27 
8 50 25 8.0 2.68 2.52 1.27 
9 75 25 8.1 2.58 2.63 1.33 
10 100 25 7.4 2.44 2.40 1.37 
11 0 50 5.4 2.71 2.42 1.47 
12 25 50 5.2 2.41 2.40 1.30 
13 50 50 6.0 2.49 2.75 1.30 
14 75 50 8.2 2.63 2.34 1.33 
15 100 50 8 Q 7 6? 9 4? 1 13 
Maximum 8.90 2.71 2.82 1.67 
Minimum 4.40 2.18 1.94 1.13 
Average 6.65 2.49 2.44 1.32 
Stnmlnrrl flpvintinn 1 489 n 14T 0 734 n 173 
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Table 48. Grain yield and leaf N and K contents of corn from the Annstrong Farm. Iowa 
Treatment number Grain yield Leaf N LeafK 
Mg ha' — percent — 
1 8.7 2.36 1.73 
2 9.3 2.27 1.84 
3 9.9 2.74 1.87 
4 9.8 2.97 1.66 
5 10.5 3.11 1.86 
6 10.5 2.75 1.69 
7 10.9 3.09 1.84 
8 10.4 2.56 1.80 
9 9.6 2.67 1.72 
10 9.8 2.81 1.89 
11 10.9 2.97 1.53 
12 10.5 2.97 1.64 
13 11.2 2.73 1.93 
14 11.3 2.83 1.81 
15 10.5 3.12 1.63 
16 10.9 2.89 1.96 
17 9.8 2.69 1.61 
18 11.3 3.11 1.71 
19 10.9 2.97 1.60 
20 10.8 2.76 1.56 
Maximum 11.30 3.12 1.96 
Minimiun 8.70 2.27 1.53 
Average 11.04 2.82 1.74 
Standard deviation 0.71 0.237 0.120 
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Table 49. Com grain yield and leaf analysis data from the Bruner Farm, Iowa 
1991 1992 
Treatment number NH,-N K 
Grain 
yield N K 
Grain 
yield 
— kg ha ' — Mgha-' percent - Mg ha"' 
1 0 0 5.5 2.13 0.84 7.6 
2 112 0 6.0 2.51 0.72 8.3 
3 224 0 6.2 2.46 0.68 8.9 
4 336 0 5.9 2.55 0.71 8.9 
5 0 336 5.7 2.32 0.96 8.6 
6 112 336 6.6 2.36 1.02 9.0 
7 224 336 6.0 2.56 0.87 9.5 
8 336 336 6.1 2.45 0.87 9.4 
Maximum 6.6 2.56 1.02 9.5 
Minimum 5.5 2.13 0.68 7.6 
Average 6.0 2.42 0.83 8.8 
Standard deviation 0.33 0.144 0.123 0.61 
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APPENDIX C. 
SOIL AMMONIUM AND NITRATE-N 
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Table 50. Soil inorganic nitrogen (NH^ and NO,) at Kerugoya site, Kenya 
Season 1 
Trealment Vegemlve Silking 
NH./NO. K derth NH.-N NO.-N NH.-N NO.-N NH.-N 
kg ha-1 cm — mg kg ' — 
0/0 0 0-30 4.5 7.8 3.9 1.3 3.5 
30-60 5.9 4.8 2.8 1.2 3.2 
60-90 3.4 1.0 2.4 
0/0 50 0-30 6.2 3.5 3.7 4.5 3.4 
30-60 6.8 3.0 2.9 3.9 2.7 
60-90 4.1 1.3 2.2 
100/0 0 0-30 26.1 7.4 65.0 3.5 22.6 
30-60 4.8 3.2 5.9 2.4 1.1 
60-90 5.5 2.7 3.4 
100/0 50 0-30 29.0 11.5 47.3 3.3 20.9 
30-^0 6.2 3.5 6.7 1.4 5.5 
60-90 3.5 t.l 7.8 
75/25 0 0-30 18.1 13.4 46.7 21.5 13.0 
30-60 8.6 5.8 4.2 2.2 10.9 
60-90 4.6 3.1 3.6 
75/25 50 0-30 15.6 11.7 32.3 19.3 10.8 
30-60 6.8 4.3 7.7 5.8 1.3 
60-90 4.9 2.4 3.3 
50/50 0 0-30 15.6 30.5 3Kl?.l 29.2 6.2 
30-60 13.0 7.0 9.0 7.3 2.3 
60-90 4.2 3.9 1.4 
50/50 50 0-30 17.2 12.8 34.9 43.8 8.3 
30-60 3.6 3.8 4.8 4.2 3.4 
60-90 3.9 1.7 9.7 
25/75 0 0-30 13.0 31.0 33.7 53.3 4.7 
30-60 14.0 5.3 5.8 4.8 4.2 
60-90 3.9 2.8 4.3 
25/75 50 0-30 14.4 25.5 25.8 23.1 8.0 
30-60 4.0 7.7 4.4 3.8 7.1 
60-90 3.8 3.3 4.0 
0/100 0 0-30 3.9 24.5 3.9 62.8 3.1 
30-60 5.2 6.7 2.9 1.9 3.3 
60-90 3.1 2.2 0.1 
0/100 50 0-30 3.4 15.2 8.0 25.7 7.9 
30-60 3.6 4.1 2.2 12.2 3.8 
60-90 4.5 4.4 3.3 
N-rale was 100 kg N ha ' 
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Table 50. continued 
Trealmenl VegelJiiive 
depth NH.-N NO.-N 
Season 2 
Silking 
NH.-N NO-N 
Hatvesi 
kg ha ' cm 
0/0 0 0-30 2.0 4.0 1.9 3.5 1.4 3.5 
30^0 1.8 3.9 0.8 2.4 0.8 2.6 
60-90 1.8 2.8 0.6 1.6 0.7 1.3 
0/0 50 0-30 1.4 3.3 1.5 1.8 1.2 2.8 
30-«0 1.1 2.2 1.2 1.2 0.9 2.5 
60-90 0.7 1.4 1.0 0.4 0.3 2.3 
100/0 0 0-30 11.8 6.5 2.3 18.6 1.8 4.9 
30-60 3.1 4.7 2.1 3.6 0.8 1.9 
60-90 2.2 2.6 1.4 2.1 0.7 2.3 
100/0 50 0-30 28.2 9.8 3.7 7.6 1.6 2.8 
30-60 6.9 5.8 1.6 1.7 0.7 1.9 
60-90 1.9 3.4 1.1 1.3 0.4 1.2 
75/25 0 0-30 9.1 7.4 4.7 17.7 1.8 2.8 
30-60 2.4 4.3 1.7 3.0 0.9 2.7 
60-90 2.3 2.9 2.0 3.1 0.8 1.8 
75/25 50 0-30 2.6 5.8 2.7 8.1 2.5 4.7 
30-60 2.2 1.8 2.7 2.5 1.3 3.2 
60-90 1.6 1.6 1.5 0.6 0.9 2.4 
50/50 0 0-30 4.8 8.6 3.6 12.3 2.2 3.8 
30-60 1.5 3.2 3.3 4.4 1.0 1.8 
60-90 1.0 2.1 1.2 4.7 0.9 1.5 
50/50 50 0-30 6.8 8.6 2.9 7.4 2.1 3.9 
30-60 2.6 4.9 2.4 5.4 1.3 2.5 
60-90 1.7 5.4 1.8 4.4 I . I  4.2 
25/75 0 0-30 2.0 8.9 1.6 4.5 2.5 3.8 
30-60 1.3 3.5 1.0 12.3 1.5 4.6 
60-90 I . l  2.3 0.7 1.7 1.4 5.1 
25/75 50 0-30 2.6 14.1 6.2 2.8 1.5 3.7 
30-60 1.4 3.8 1.4 I I . I  0.8 4.1 
60-90 0.9 1.5 I . I  1.9 0.6 2.7 
0/100 0 0-30 1.5 14.5 2.1 3.4 2.1 6.7 
30-60 2.2 6.7 1.0 15.9 1.4 3.6 
60-90 1.1 4.8 0.6 3.7 1.0 2.2 
0/100 50 0-30 3.2 19.7 3.2 6.8 0.8 2.3 
30-60 2.1 7.6 2.3 13.9 0.5 3.0 
60-90 1.2 6.3 1.3 6.8 0.3 1.6 
N-rate was 100 Kg N / ha 
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Table 51. Soil inorganic nitrogen (NH4 and NO3) at Muguga site, Kenya 
during the first season (October 1993 to January 1994) 
Season 1 
Trealment Vtgetalive Harvest 
NH,/NO. K denlh NH.-N NO,-N NH.-N NO,-N 
kg ha"' cm -  m g  k g '  
0/0 0 0-30 10.1 6.1 10.6 4.2 
3060 9.8 2.6 13.2 15.1 
60-90 3.9 2.2 
0/0 50 0-30 11.8 7.0 23.2 7.3 
30-60 11.4 3.4 11.8 12.6 
60-90 6.2 6.7 
100/0 0 0-30 19.0 5.8 11.8 23.0 
30-60 11.4 4.9 3.6 4.2 
60-90 5.0 17.6 
100/0 50 0-30 20.4 9.3 21.8 36.4 
30-60 11.8 8.4 7.6 10.4 
60-90 7.0 7.6 
75/25 0 0-30 18.4 13.8 30.2 38.6 
30-60 11.4 3.5 20.2 36.1 
60-90 7.3 7.3 
75/25 50 0-30 24.2 18.1 24.1 32.8 
30-60 10.7 10.1 16.2 18.8 
60-90 5.3 2.0 
50/50 0 0-30 14.3 14.0 15.1 10.4 
30-60 12.0 3.9 4.5 20.2 
60-90 9.2 10.1 
50/50 50 0-30 19.2 19.8 14.6 17.9 
30-60 10.9 5.6 10.6 10.9 
60-90 9.8 3.1 
25/75 0 0-30 14.4 20.3 12.3 33.9 
30-60 10.9 5.9 7.8 13.7 
60-90 5.9 21.6 
25/75 50 0-30 11.6 10.5 21.8 36.4 
30-60 12.1 4.8 9.5 25.5 
60-90 21.8 36.4 
0/100 0 0-30 12.3 24.3 12.6 21.6 
30-60 10.8 8.0 4.5 30.2 
60-90 9.0 5.6 
0/100 50 0-30 11.5 11.4 7.8 8.7 
30-60 11.5 4.4 3.9 34.7 
60-90 4.5 4.8 
N-rate was 100kg N ha ' 
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Table 51. Continued 
Season 2 
Treatment Silking Harvest 
NH./NO, K denth NH.-N NO,-N NH.-N NO,-N 
kg ha ' cm mg kg ' 
0/0 0 0-30 0.84 3.42 2.77 3.16 
30-60 3.65 5.24 0.98 5.86 
60-90 0.69 4.61 1.60 3.30 
0/0 50 0-30 1.10 4.22 4.35 3.54 
30-60 0.53 2.97 1.53 4.77 
60-90 0.78 3.78 1.35 4.29 
100/0 0 0-30 0.97 17.14 1.66 13.07 
30-60 1.07 9.25 1.02 6.75 
60-90 0.68 3.67 1.13 7.55 
100/0 50 0-30 0.97 20.38 6.55 10.46 
30-60 1.81 13.56 4.75 8.74 
60-90 2.54 13.04 4.26 11.99 
75/25 0 0-30 0.93 10.63 4.26 11.99 
30-60 0.80 7.91 2.56 6.77 
60-90 1.26 11.12 1.39 5.15 
75/25 50 0-30 0.57 7.52 4.13 5.15 
30-60 0.52 7.28 1.30 10.25 
60-90 0.73 12.21 1.58 11.24 
50/50 0 0-30 1.39 12.30 2.89 5.20 
30-60 1.35 8.10 1.37 7.56 
60-90 1.28 7.82 1.27 3.21 
50/50 50 0-30 1.73 16.66 4.89 31.28 
30-60 1.19 9.42 2.02 16.28 
60-90 1.38 8.99 1.94 8.90 
25/75 0 0-30 1.59 17.38 3.24 9.45 
30-60 1.44 19.49 1.61 10.60 
60-90 0.82 5.56 0.97 6.93 
25/75 50 0-30 1.23 10.27 3.43 6.36 
30-60 1.35 5.87 1.05 10.79 
60-90 0.65 15.67 1.58 10.57 
0/100 0 0-30 0.72 4.39 4.02 4.49 
30-60 0.56 12.79 1.41 10.88 
60-90 0.97 8.77 1.61 5.38 
0/100 50 0-30 0.66 10.84 2.04 5.69 
30-60 1.34 12.73 1.78 17.71 
60-90 0.77 6.94 1.66 5.52 
N-rate was 100 kg N ha"' 
